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PREFACE

“There are specific disease only for women”

Soranos: Ephessos 1BC

“The natural flights of the human mind are not from pleasure to pleasure but from
hope to hope”

Samuel Johnson, The Rambler no 2.

In this text, our hope is to highlight the recent transition of the polycystic ovary
syndrome (PCOS) from an infertility disorder whose diagnosis was based on ovarian
tissue histology to a more complex clinical entity—namely, a metabolic disorder in
which insulin resistance plays a central role.

Research into PCOS has advanced at a dizzyingly fast pace over the past two
decades, but not without substantial controversy. Despite great advances, even the
definition of the syndrome remains in dispute, illustrating that many basic aspects of
the syndrome remain unresolved.

However, despite the fact that the intensified world wide research has elucidated
new aspects of the syndrome, contributing to the expansion of scientific knowledge,
new dilemmas have been posed. Because of the central role of insulin resistance in the
syndrome, it is increasingly clear that PCOS is not simply a reproductive disorder, but
a metabolic disorder that places women with the syndrome at markedly high risk for the
development of glucose intolerance and, arguably, cardiovascular disease.

The editors have made every effort to provide an up-to-date and balanced overview of
PCOS, paying special attention to the central role of insulin resistance in the syndrome’s
pathogenesis and in the management of its reproductive and metabolic abnormalities.

It is important to note that we are still searching a way out of the labyrinth in the
aetiology of this enigmatic syndrome, despite significant advances in the field of mole-
cular medicine, genetics, and pharmacogenomics.
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1 Evaluation for Insulin Resistance
and Comorbidities Related to Insulin
Resistance in Polycystic Ovary Syndrome

Ricardo Azziz, mp, mpH, MBA
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CONCLUSIONS
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KEY POINTS

REFERENCES

Summary

Patients with polycystic ovary syndrome (PCOS) often have coexisting insulin resistance (IR),
glucose intolerance or diabetes, and metabolic syndrome. For larger epidemiological studies, detection
of IR may be accomplished using surrogate measures, such as the homeostatic model assessment or
the quantitative insulin-sensitivity check index. Alternatively, research studies of IR, particularly
those involving a smaller number of subjects, should strive to utilize the clamp, the frequently
sampled intravenous glucose tolerance test, the insulin suppression test, or oral glucose tolerance
test techniques. Clinically, in PCOS the standard 2-hour oral glucose tolerance test, measuring both
insulin and glucose, yields the highest amount of information for a reasonable cost and risk,
providing an assessment of both the degrees of hyperinsulinemia and glucose tolerance. However,
considering the current variability in insulin assays, each laboratory should set its own normal range
and establish a method for periodically reevaluating the acceptability of their resuits. Up to 25% of
nonobese patients and 50% of obese patients with PCOS will have features consistent with the
metabolic syndrome. Detection of the metabolic syndrome will include obtaining a thorough
medical history, waist and hip circumferences, blood pressure measures, calculation of the body
mass index, a lipid profile, and either serum-fasting glucose levels or, preferably, the glucose
response to a standard OGTT.

Key Words: PCOS; insulin resistance; dyslipidemia; metabolic syndrome; diabetes.
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2 Azziz

INTRODUCTION

As discussed in Chapters 1 and 2, 50-70% of patients with the polycystic ovary syn-
drome (PCOS) demonstrate insulin resistance (IR) and secondary hyperinsulinism
(1,2), and the prevalence of the metabolic syndrome is increased compared with age-
and weight-matched controls (3-5). Consequently, the rate of type 2 diabetes mellitus
(DM) (6-8), and possibly cardiovascular disease (CVD) (9), is increased in PCOS.
Effective methods of screening and early detection of these morbidities will be imper-
ative in the management of the patient with PCOS. The following subheadings discuss
methods of diagnosing IR, glucose intolerance and type 2 DM, and the metabolic syn-
drome in these women; alternatively, the detection and diagnosis of established CVD is
beyond the scope of this chapter.

DETECTING INSULIN RESISTANCE IN PCOS

The definition of IR varies, with the American Diabetes Association (ADA) defining
it as an impaired metabolic response to either exogenous or endogenous insulin (10),
whereas some investigators define it as a common pathological state in which target
cells fail to respond to ordinary levels of circulating insulin (/7). Even without a common
definition, IR appears to affect 10-25% of the general population, and the risk increases
with obesity (12). Detectable IR occurs in 50-70% of patients with PCOS (1,2) and,
because B-cell function is frequently partially or totally conserved (2), most of these women
also demonstrate secondary hyperinsulinism. Detection of IR is clinically important
because it is an independent risk factor for type 2 DM and CVD.

There are two general approaches to determining insulin sensitivity. The first are
those direct and dynamic measures requiring an intervention (e.g., intravenous admin-
istration of glucose and insulin) that can be used to estimate the ability of insulin to dispose
of glucose. Second, other methods estimate insulin action through surrogate measures
utilizing the fasting values of glucose and insulin (13), or the insulin, C-peptide, or glucose
responses to a physiological glucose load (e.g., oral glucose tolerance test [OGTT]).
These two approaches to measuring insulin sensitivity and hyperinsulinemia will be
discussed in more detail in the following subheadings.

Direct Measurements of Assessing Insulin Action In Vivo
GLucoseE CLAMP

The glucose clamp technique is presumed to be the most accurate test available for
the measurement of insulin action in vivo (/4). During this test, a constant intravenous
infusion of insulin is given at a rate designed to maintain a preselected steady-state
insulin level, while simultaneously maintaining or “clamping” the plasma glucose
concentration at the normal fasting level (the hyperinsulinemic—euglycemic clamp) by
using variable intravenous glucose (or dextrose) infusion. It is assumed that at a steady
state (when both the amount of glucose being infused and the circulating glucose levels
are stable) endogenous glucose production is fully suppressed and the amount of total
glucose being shunted intracellularly by the insulin (i.e., peripheral tissue insulin sensi-
tivity or insulin-mediated glucose disposal) equals the glucose infusion rate. This meas-
urement is expressed as a value termed the insulin sensitivity index (ISI or M value).
Combining the clamp with tracer studies using radiolabeled glucose also allows for a
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determination of hepatic glucose uptake (i.e., hepatic insulin sensitivity). On occasion,
a clamp achieving supraphysiological levels of glucose (i.e., hyperglycemic clamp) is used
to simultaneously obtain measurements of peripheral insulin sensitivity, 3-cell sensitivity,
and glucose effectiveness (or noninsulin-mediated glucose uptake) (15).

FREQUENTLY SAMPLED INTRAVENOUS GLUCOSE TOLERANCE TEST

Intravenous glucose tolerance tests have also been used to assess the degree of insulin
sensitivity in vivo (16). Generally, a computer-generated mathematic analysis of the
glucose-insulin dynamics observed during a frequently sampled intravenous glucose
tolerance test (FS-IVGTT), the so-called the minimal model (MINMOD), is used to
calculate a number of parameters estimating insulin sensitivity (16,17). The FS-IVGTT
usually requires 11-34 blood samples taken over 3 hours, and the test is frequently
modified by intravenously infusing tolbutamide (a sulfonylurea medication that stimu-
lates insulin secretion), or more commonly insulin itself, during the early part of the
study. A modified FS-IVGTT requires a smaller insulin response than the standard
protocol to achieve the same precision in assessing insulin sensitivity (/8).

The FS-IVGTT is generally easier and less invasive to perform than the clamp and
does not require a continuous glucose infusion. The FS-IVGTT also allows for the
determination of insulin-dependent and insulin-independent (i.e., glucose effectiveness)
glucose utilization (/6), but does not distinguish between peripheral and hepatic glucose
utilization as the clamp can. Another problem generally associated with this technique
is that it is based on the assumption that there is a constant hepatic extraction (clearance)
of insulin during the test, which may not always be the case.

INSULIN SUPPRESSION TEST

Pei et al. (19) described a modified insulin suppression test (IST) useful for measur-
ing insulin-mediated glucose disposal. During this test, glucose values are not
measured at all times during the test as they are for the clamp or the FS-IVGTT; the
operator sets fixed-rate infusions of insulin and glucose, but the plasma glucose is not
clamped at a certain value. In the insulin-sensitive patient, the steady-state plasma glu-
cose (SSPG) levels decrease with time, whereas in the insulin-resistant patient SSPG
increases. Because the glucose infusion rate remains constant without requiring fre-
quent adjustments, this test is less labor-intensive than the clamp or FS-IVGTT and
does not require extensive operator skills. Nonetheless, to date, the IST has been utilized
in a limited fashion.

INSULIN TOLERANCE TEST

The insulin tolerance test (ITT) consists of the administration of an intravenous
bolus of regular insulin (0.1 IU/kg), measuring glucose before and at frequent intervals
after the injection of insulin for up to 20 minutes. The test is terminated by the intra-
venous injection of a 50% dextrose solution. The rate of decline of glucose (i.e., plasma
glucose disappearance rate) during the test is calculated (K ), generally using the
glucose values between the 3- and 15-minute time points when the decline is generally
more linear. The K, value is taken as a measure of insulin action. Published K
values range from 0.026 to 0.085 mmol/L/minute for subjects with a body mass index
(BMI) of less than 30 kg/m?, to 0.012-0.017 mmol/L/minute for subjects with a BMI
higher than 30 kg/m? (20). The ITT correlates well with the results of euglycemic and
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hyperglycemic glucose clamp studies (20,21). However, a substantial number of patients
become hypoglycemic prior to the end of the test, and there is a potential risk for of
serious morbidity secondary to this.

FREQUENTLY SAMPLED ORAL GLUCOSE TOLERANCE TEST

During the frequently sampled oral glucose tolerance test (FS-OGTT), as for the
regular OGTT, 75 g of glucose or dextrose in a flavored drink is administered orally
to the patient and consumed at an even rate more than 5 minutes. Measurements are
obtained several times before and after the ingestion of the glucose solution for up to
3 hours afterward (22-24). For example, samples for glucose and insulin measure-
ments can be obtained at —10 and 0 minutes before and 15, 30, 60, 90, 120, 150, and
180 minutes after glucose ingestion, although specific protocols vary. One of the
many measures frequently calculated is the integrated insulin response assessed by
calculating the insulin area-under-the-curve (25), although other measures have been
proposed (22-24). The FS-OGTT has been found to be more physiological, simpler,
and less invasive to perform than the FS-IVGTT and can yield results that correlate
well with more complex measures (26). The measurement of C-peptides (a byproduct
of insulin synthesis) may also allow investigators to estimate insulin secretion and
clearance rates.

Surrogate Estimates

The surrogate approach to assessing IR uses either the fasting measurements
determined at the basal state or the insulin values obtained during a standard OGTT.
The major benefit to utilizing fasting measurements, as opposed to using methods of
directly assessing insulin action, is to provide clinicians and researchers with more
rapid and less invasive methods of evaluating individual patients or larger populations.
This form of measurement also requires less time and skill so that less experienced
personnel can be utilized to gather the data from human subjects.

FASTING INSULIN LEVEL

The fasting insulin value is a simple test to perform and one that can be obtained
with relative ease. In a study by Yeni-Komshian et al. (25), fasting plasma insulin con-
centrations were significantly correlated with insulin action estimated by the SSPG,
although it accounted for only one-third of the variability in estimated glucose disposal.
In the author’s experience, normal basal levels generally range from 3 to 30 uIU/mL.
However, on an individual basis, fasting insulin levels may be normal in up to 40% of
patients with PCOS who have hyperinsulinemia diagnosed by the OGTT. Overall, fast-
ing insulin measures should only be used qualitatively, not quantitatively.

GLUCOSE-TO-INSULIN RATIO

The glucose-to-insulin ratio (GIR; insulin in uIU/mL and glucose in mg/dL) has
been used as a measure of insulin sensitivity. In a small study by Legro et al. (/), obese
patients with a fasting GIR of less than 4.5 were generally insulin-resistant. However,
this method has recently fallen out of favor because its calculation is felt to not be
physiological, its exact value varies widely, and the use of this ratio has not been fully
validated in non-obese patients (27).
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HOMEOSTATIC MODEL ASSESSMENT

The homeostatic model assessment (HOMA) calculation uses fasting plasma glu-
cose and insulin concentrations to estimate insulin resistance (HOMA-IR) and percent
B-cell function (HOMA-B-cell) using a mathematical model (28).

(Glucose in mmol /L)* X Insulin in plU/mL
22.5

HOMA-IR =

20 X Insulin in pIU/mL

HOMA-B-cell = -
(Glucose in mmol/L) — 3.5

An ideal, normal-weight individual aged younger than 35 years old has a HOMA-IR
of 1.0 and a B-cell function of 100%. This test has been well correlated to insulin-
mediated glucose disposal assessed by the glucose clamp technique (28), although less
so in patients with PCOS (29). The HOMA is most appropriate for large epidemio-
logical studies. Recently, a more complicated, albeit purportedly more accurate, HOMA
calculation was described and was termed the “HOMAZ2” (30). The calculation of
the HOMA?2 requires a computer, and easy-to-use programs can be downloaded
(http://www.dtu.ox.ac.uk/index.html?maindoc=/homa/).

QUANTITATIVE INSULIN SENSITIVITY CHECK INDEX

The quantitative insulin sensitivity check index (QUICKI) is another measurement
of insulin sensitivity that utilizes fasting insulin and fasting glucose values (31,32):

QUICKI =1/ [log (insulin in wIU/mL ) + log (glucose in mg/dL)]

This test has been well correlated to measure insulin-moderated glucose disposal
assessed by the glucose clamp technique, especially in those patients with type 2 DM
and/or those who are obese (31). Although calculated using different units of glucose,
QUICKI is basically the log of the inverse of HOMA (see Fig. 1). Consequently, both
QUICKI and the log of HOMA-IR behave the same, and as predictors of outcome, they
are interchangeable. Like the HOMA-IR estimate, the QUICKI measure does not
appear to correlate well with the results of clamp studies in women with PCOS (29).

STANDARD ORAL GLUCOSE TOLERANCE TEST

Clinically, a 2-hour OGTT administering 75 g of oral glucose is frequently used to
determine the presence of glucose intolerance and hyperinsulinemia. Samples for
glucose and insulin measurements are generally obtained at 0 minutes before and 60
and 120 minutes after glucose ingestion. Measurement of peak stimulated insulin levels
can be used to estimate the degree of hyperinsulinemia and, by inference, obtain a
qualitative assessment of the degree of IR. However, it should be noted that the normal
range of insulin values during a standard OGTT vary widely, in part because of the
variability in value assay results (see following subheading).

In our experience, peak insulin levels during an OGTT are normally less than
75-100 pIU/mL. In general, insulin levels between of 100 and 150 ulU/mL
denote mild IR/hyperinsulinemia; values of 150-300 pulU/mL denote moderate

*To convert to glucose levels in mmol/L, multiply glucose in mg/dL by 0.05551.
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Fig. 1. Both the quantitative insulin-sensitivity check index (QUICKI) and homeostatic model
assessment insulin resistance (HOMA-IR) measure the same parameter of insulin resistance. Using
490 fasting insulin and glucose levels obtained from the Mexican-American Coronary Artery Disease
study we note that QUICKI and the log of HOMA-IR are linearly related. (Data courtesy of
Drs. Mark Goodarzi and Willa A. Hsueh.)

IR/ hyperinsulinemia; and levels of greater than 300 pIU/mL are indicative of severe
IR/ hyperinsulinemia.

Measuring Insulin: Caveats and Limitations

Accurate measurement of insulin is critical to the assessment of IR and hyperinsulinism.
The measurement of insulin is most commonly conducted using radioimmunoassay
or enzyme-linked immunoabsorbent assays. Unfortunately, the plasma insulin
values obtained may vary greatly from one laboratory to the next. In 1996, the ADA
convened a task force to study the possible standardization of the insulin assay (33).
As part of the work of this task force, insulin measurements were conducted on
identical samples by several competent laboratories, and little agreement in the val-
ues of insulin obtained was noted, even when the same assays were used. The task
force therefore recommended that each laboratory (and investigator) examine all avail-
able assays and determine which one is most acceptable for their laboratory. They
also recommended that laboratories compare their results with other laboratories
and periodically reevaluate their assays. It is critical that clinicians and investiga-
tors alike discuss with their laboratory the quality of the insulin assays being used
and the methods used to establish the “normal” range. Finally, the task force suggested
a three-step process for the assessment and certification of insulin assays (Table 1).

Summary on Methods of Assessing IR in PCOS

Direct measures of insulin action include the euglycemic or hyperglycemic clamp,
FS-IVGTT, IST, ITT, and FS-OGTT, whereas surrogate measures include the fasting
insulin levels, GIR, HOMA, QUICKI, and the insulin levels during a standard OGTT.
Direct techniques are generally considered more accurate, but they are expensive, labo-
rious, potentially dangerous, and require well-trained individuals to complete the study.
The fasting indexes and the insulin levels during a standard OGTT are less difficult to
obtain than direct measurements and have adequate correlation with the results of
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Table 1
A Three-Step Process for the Assessment and Certification of Insulin Assays

Parameter Definition

Precision Measure of the reproducibility of the analytical method

Accuracy Comparing results of the in-house standard with a gold standard

Recovery The ability of an analytical test to accurately measure throughout the
working range of the calibration curve

Specificity The ability to measure the desired analyte in the presence of other
similar components in a complex matrix

Linearity Ability of the analytical method to provide measurements that are
directly proportional to the concentration the analyte in the sample

LOD/LLOQ The LOD is the lowest measurable concentration that is statistically

different from zero. The LLOQ is the lower limit of quantitation
or the lowest concentration that can be determined with an acceptable
degree of accuracy and precision

Modified from ref. 33.

more invasive studies. They are also more readily applicable to large epidemiological
studies (34).

DETECTING IMPAIRED GLUCOSE INTOLERANCE
AND TYPE 2 DM IN PCOS

The risk of impaired glucose tolerance (IGT) and type 2 DM is increased five- to
sevenfold in PCOS (6-8) (Fig. 2). Although many patients can be diagnosed as having
frank type 2 DM by a fasting glucose of greater than 126 mg/dL (35), patients with
PCOS frequently require an OGTT to diagnose more subtle forms of diabetes or IGT (7).
In addition to allowing the detection of hyperinsulinemia, the performance of a standard
OGTT has the additional advantage of diagnosing patients with IGT or type 2 DM.
Using the glucose levels during the OGTT, according to the World Health Organization
1985 criteria, type 2 DM is diagnosed if the 2-hour glucose during the OGTT is 2200
mg/dL and IGT is diagnosed by a fasting plasma glucose of less than 140 mg/dL and a
2-hour glucose level during the OGTT of between 140 and 199 mg/dL (36). It should
be noted that these diagnoses require that the abnormal results be confirmed.

DETECTING DYSLIPIDEMIA IN PCOS

It is still unclear whether the prevalence of dyslipidemia is grossly increased in
PCOS. In a study of 195 women with PCOS and 62 controls, Legro et al. reported that
the prevalence of borderline-high total cholesterol (=200 mg/dL) was higher among
patients with PCOS than controls (48 vs 22%, respectively), although the prevalence
of abnormally low HDL-cholesterol (<35 mg/dL) was similar in both groups (48 vs
45%, respectively) (37). In another study of 398 women with PCOS screened for
inclusion in a trial evaluating the benefits of troglitazone, Legro et al. reported on the
prevalence of abnormal baseline lipid levels as defined by the National Cholesterol
Education Program guidelines (38). They observed that 8.8% had a total cholesterol of
2240 mg/dL, 8.5% had an LDL-cholesterol of 2160 mg/dL, 15% had an HDL-cholesterol
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Fig. 2. Prevalence of glucose intolerance diagnosed by a 2-hour, 75-g glucose tolerance test, using
WHO 1985 criteria, in 254 women with polycystic ovary syndrome. NGT, normal glucose tolerance;
IGT, impaired glucose tolerance; Type 2 DM, type 2 diabetes mellitus. (Reprinted with permission
from ref. 7.)

less than 35 mg/dL, and 2.5% had trilgycerides of 2400 mg/dL. However, the prevalence
of abnormally high total cholesterol levels in this population was similar to, and
the prevalence of low HDL-cholesterol levels was actually less than, that observed
among women aged 20-39 years in the NHANES IIII survey (i.e., 7.6 and 25.6%,
respectively) (39).

Overall, it remains unclear whether women with PCOS, at least of reproductive
age, have a higher prevalence of dyslipidemia compared with matched controls or
the general population. Nonetheless, because dyslipidemia is an important predictor
of CVD and forms part of the criteria for detecting the metabolic syndrome (see
Diagnosing the Metabolic Syndrome in PCOS), it is recommended that, at a minimum,
a complete lipid profile be evaluated at the initial evaluation, regardless of age, and
periodically thereafter.

DIAGNOSING THE METABOLIC SYNDROME IN PCOS

The metabolic syndrome (i.e., syndrome X, IR syndrome, dysmetabolic syndrome)
is defined as a constellation of signs and features that predict an increased risk of CVD
(40). Principle features variably include abdominal obesity, atherogenic dyslipidemia,
raised blood pressure, IR, glucose intolerance, and a proinflammatory and prothrom-
botic state (41). Up to six different definitions of the metabolic syndrome currently
exist (41—46), although the most frequently used is that based on the Third Report of
the National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults, resulting in the Adult
Treatment Panel III, or ATP III (43). Specifically, the NCEP defines the metabolic
syndrome as the presence of at least three of the following five features:

1. Abdominal obesity (waist circumference >88 cm).
2. Serum triglycerides 2150 mg/dL.
3. Serum HDL-cholesterol less than 50 mg/dL.
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4. Blood pressure 2130/85.
5. Serum fasting glucose =110 mg/dL.

At least in the United States, small studies suggest that approx 50% of women with
PCOS demonstrate evidence of the metabolic syndrome, as defined by modified ATP
III criteria (3,4). Abdominal obesity is an important feature of the metabolic syndrome,
and as women with PCOS are frequently obese, most of these patients will already
have at least one of the features of the metabolic syndrome. Furthermore, in PCOS
obesity is associated with greater degrees of IR and dyslipidemia, increasing the
probability that these patients will exhibit the metabolic syndrome.

Alternatively, it is less clear that non-obese women with PCOS are at increased risk
for the metabolic syndrome. In one study of 106 patients with PCOS, the prevalence of
the metabolic syndrome was not increased in those women whose BMI was less than
25 kg/m? and younger than 30 years old; nonetheless, patients with a BMI higher than
25 kg/m? and/or who were 30 years of age or older had a higher prevalence of the meta-
bolic syndrome compared with age-matched controls (4). The importance of obesity
and possibly diet on the prevalence of metabolic syndrome is further highlighted by the
relatively low prevalences of the metabolic syndrome observed in non-US patients with
PCOS (47,48), compared with those patients residing in the United States (3-5). In
general, women with PCOS who live in the United States are significantly more obese
than their non-US counterparts (49).

We should note that the prevalence of the metabolic syndrome in PCOS is, at least in
part, a matter of definition. Some definitions, such as that of the NCEP-ATP III, prima-
rily target the detection of dyslipidemia as early evidence of cardiovascular CVD,
whereas that of the WHO aims to identify individuals who are primarily IR by first
identifying those with evidence of glucose intolerance. For example, Vural and col-
leagues evaluated 43 women with PCOS and 43 age-matched controls in Turkey (48).
Using the WHO criteria, 11.6% of women with PCOS were diagnosed as having the
metabolic syndrome, significantly greater than controls (0%). Alternatively, if the ATP
III criteria were used, only 2.3% of patients with PCOS were affected with the metabolic
syndrome, a nonsignificant difference from controls.

Screening for the metabolic syndrome can be performed by obtaining the following
measures:

Waist circumference (>88 cm) or waist-to-hip ratio (>0.85).

BMI based on actual height and weight (>30 kg/m?).

Blood pressure (or a history of hypertension on treatment).

Lipid profile, including serum total glucose and HDL-cholesterol.

Serum fasting glucose or preferably glucose response to a standard OGTT (or a history
of diabetes on treatment).

el o

The value of routinely obtaining markers of inflammation (e.g., C-reactive protein
[CRP]) or hypercoagulability (e.g., plasminogen activator inhibitor [PAI]-1) in PCOS
is unclear.

Finally, the prevalence of the metabolic syndrome increases with age; nonetheless,
24 and 47% of patients aged less than 30 years or 30-39 years of age, respectively, had
metabolic syndrome at least in one report (3). These data clearly denote the importance
of screening all women with PCOS for the metabolic syndrome, regardless of age.
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CONCLUSIONS

Patients with PCOS often have coexisting IR, glucose intolerance or DM, and
metabolic syndrome. For large epidemiological studies, detection of IR may be
accomplished using the HOMA-IR or the QUICKI measures. Alternatively,
research studies of IR, particularly those involving a smaller number of subjects,
should strive to utilize the clamp, FS-IVGTT, IST, or FS-OGTT techniques.
Clinically, in PCOS, the standard 2-hour OGTT measuring both insulin and glucose
may yield the highest amount of information for a reasonable cost and risk, providing
an assessment of both hyperinsulinemia and glucose tolerance. Considering the
current variability in insulin assays, each laboratory should set its own normal range
and establish a method for periodically reevaluating the acceptability of their
results. Up to 25% of non-obese and 50% of obese patients with PCOS will have
features consistent with the metabolic syndrome. Detection of the metabolic syndrome
will include obtaining a thorough medical history, waist and hip circumferences,
blood pressure measures, calculation of the BMI, a lipid profile, and either a serum
fasting glucose levels or, preferably, the glucose response to a standard OGTT.
Screening should be initiated at the time of the initial diagnosis, regardless of age,
and repeated periodically thereafter.

FUTURE AVENUES OF INVESTIGATION

More precise assessments of the prevalence of IR in PCOS and its relationship
with other phenotypic features of the disorder, with environmental factors such as
diet, and with the ethnicity or geographic location of the population are still required.
Likewise, careful prospective studies evaluating the cost-effectiveness of the various
measures assessing the risk of metabolic syndrome and CVD, including the age at
which such screening should be initiated and the frequency at which it should be
repeated. Finally, future studies are needed to better define the value of routinely
performing a standard OGTT for detecting hyperinsulinism and glucose intolerance
in PCOS and the normal ranges of insulin during the test.

KEY POINTS

¢ IR affects 50-70% of patients with PCOS.

* The risk of impaired glucose tolerance and diabetes is increased five- to sevenfold in
patients with PCOS.

* For larger epidemiological research studies, detection of IR may be accomplished using
surrogate measures, such as the HOMA-IR or the QUICKI measures.

¢ For research studies involving a smaller number of subjects, the clamp, FSIVGTT, IST,
or FSOGTT techniques should be used.

¢ Clinically, the standard 2-hour OGTT, measuring both insulin and glucose, provides an
assessment of both the degree of hyperinsulinism and the presence of impaired glucose
tolerance or diabetes mellitus.

» Considering the current variability in insulin assays, each laboratory should set its own
normal range and establish a method for periodically reevaluating the acceptability of
their results.
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» Although it is unclear whether the prevalence of dyslipidemia is increased in PCOS, up
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to 25% of non-obese and 50% of obese patients with PCOS will have features consistent
with the metabolic syndrome.
Detection of the metabolic syndrome will include obtaining a thorough medical history,
waist and hip circumferences, blood pressure measures, calculation of the body mass
index, a lipid profile, and either a serum fasting glucose levels or, preferably, the glucose
response to a standard OGTT.
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Summary

Because adipose tissue is a complex endocrine organ that secretes many substances with
profound effects on metabolism and the cardiovascular (CV) system, most obese subjects have an
increased CV risk. However, 20% of obese subjects are metabolically healthy, and many studies
suggest that fat distribution, in particular abdominal fat excess, is the most important factor that
determines a secretion of adipose products that may increase CV risk.

Women with polycystic ovary syndrome (PCOS) present abdominal fat excess that is related to
their androgen and/or insulin excess and that is present not only in the obese, but also in overweight
and normal weight patients. Altered fat distribution plays an important role in the increased meta-
bolic and CV risk observed in PCOS.

Key Words: PCOS; hyperandrogenism; visceral fat; subcutaneous fat; cardiovascular risk.

INTRODUCTION

Increased body weight is a classic characteristic of polycystic ovary syndrome
(PCOS) (1). Although the prevalence of obesity in women with PCOS may vary in different
countries (2), even in countries with relatively low prevalence of obesity, as in Southern
Italy, patients with PCOS have a much higher body weight than the normal population
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of similar age, and patients with normal body weight represent only about 30% of all
patients with PCOS, the others being overweight or obese (3,4).

However, for many years there was little understanding of the possible role of
increased body weight on metabolic risk of patients with PCOS. In fact, initial stud-
ies focused on the role of adipose tissue in regulating sex hormone balance (5,6),
whereas only recently the effects of increased body fat on metabolic and cardio-
vascular (CV) risk of PCOS have received attention (3). On the other hand, it has
been known for several years that PCOS is characterized by an accumulation of fat
in some particular districts, the so-called “visceral obesity” (7). This finding in the
general population has been associated with an increased risk for type 2 diabetes
and CV disease (8,9), and it has raised the possibility that visceral obesity may play
the main role in determining insulin resistance and metabolic risk in women with
PCOS (10).

This chapter discusses the evidence that adipose tissue is an endocrine organ, but
that fat distribution is very important in modifying the hormonal activity of fat. In
particular, this chapter focuses on hormones and products that may have a role in CV
morbidity induced by obesity. Finally, the role of fat distribution on CV risk of PCOS
is discussed.

ENDOCRINE FUNCTION OF ADIPOSE TISSUE

It is now clear that adipose tissue is a complex endocrine organ that secretes
hormones, cytokines, free fatty acids, and various proteins that have profound effects
on metabolism and CV system (71).

The first adipose hormone discovered was leptin (12), a 146-amino acid protein that
acts mostly as a signaling factor from adipose tissue to the central nervous system,
serving as a metabolic indicator of energy sufficiency (/3). Leptin has many other, not
well-understood, functions including regulation of timing of puberty (/4) and inhibi-
tion of bone development (/5). It has been suggested that leptin increases blood pres-
sure (/6) and promotes the inflammatory response, which is involved in the
development of atherosclerosis (/7), but no conclusive data regarding these effects of
leptin in humans have been presented.

The adipose tissue also produces adiponectin (/8), a large protein with 244 amino
acids that plays a major role in preventing or counteracting the development of
diet-induced insulin resistance (/9). Moreover, adiponectin seems to have an important
function in protecting endothelial cells from injury (/8). In humans, adiponectin
has been shown to enhance endothelium-dependent and -independent vasodi-
latation, reduce levels of tumor necrosis factor (TNF)-o, and suppress the inflam-
matory effects of TNF-o on endothelial cells (18,19). Surprisingly, adiponectin is
decreased in obesity (20)— probably because of negative feedback driven by hyper-
insulinemia—and its reduction may contribute to the effects of obesity on insulin
resistance and endothelial disease. A further adipocyte factor, resistin, which, at
least in animals, has been linked to insulin resistance (2/), may influence blood
pressure and increase vascular endothelial inflammation (22). However, resistin
values are not increased in obesity (23,24) and the role of this adipose hormone in
humans is still unclear.
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Fig. 1. Effect of adipose products on cardiovascular risk.

Adipose tissue is also a very important producer of different cytokines, including
TNF-a, interleukin (IL)-6, and monocyte chemoattractant protein (MCP)-1 (/1), and in
obese subjects the circulating levels of these products are elevated. Increased production of
cytokines from adipose tissue probably plays an important role in determining endothelial
inflammation and atherosclerosis. TNF-o also seems to be important in inducing insulin
resistance by impairing insulin signaling both directly (by activation of serine kinases)
and indirectly (by increasing mobilization of free fatty acids [FFA]) (25,26).

Adipose tissue is an important source of plasminogen activator inhibitor (PAI)-1
(27), a factor correlated to insulin resistance and that may be important in thrombo-
genesis because it is the main inhibitor of fibrinolysis.

Finally, adipocytes also produce components of the renin—angiotensin system, in
particular angiotensinogen and angiotensin-converting enzyme (28), and may raise
aldosterone levels and favor the appearance of hypertension.

In summary, the combined effect of an increase of adipose products may determine
insulin resistance, vascular inflammation, hypertension, and thrombogenesis and, there-
fore, it is not surprising that obesity is associated with increased CV morbidity and
mortality. In Fig. 1, a scheme of main adipose tissue products and their effects on CV
system is presented.
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DIFFERENTIAL HORMONAL ACTIVITY OF SUBCUTANEOUS
AND VISCERAL FAT

Although obesity is associated with increased insulin resistance and CV risk, a
subgroup of obese individuals does not display these characteristics (29). At least 20%
of obese individuals have normal or high insulin sensitivity and favorable CV risk profiles
(30). These findings have reemphasized the old notion that abdominal or male-type
obesity is more often associated with metabolic and CV diseases than the gluteo-
femoral or female-type fat distribution (37). In fact, waist circumference has proven
useful in predicting metabolic and CV risk of obese subjects and has been included in
most diagnostic definitions of metabolic syndrome (32). However, the finding of
abdominal obesity does not distinguish between accumulation of visceral (omentum
and mesentery) and subcutaneous abdominal fat. Using imaging techniques such as
computed tomography, it has been demonstrated that the accumulation of visceral fat is
strongly associated with insulin resistance and CV morbidity (3/,33). Even excessive
subcutaneous abdominal fat is associated to insulin resistance (3/), whereas gluteo-
femoral subcutaneous fat has little metabolic activity and may be protective (34).
Therefore, it is clear that obese subjects who have a preferential increase of visceral fat
have a greater metabolic and CV risk (31).

Because of the different metabolic consequences of visceral and subcutaneous
(at least gluteo-femoral) fat, several studies have tried to understand the differences in
metabolic and hormonal activity of the different adipose tissues (35). Many studies
have been presented, and it is actually difficult to understand what the real relevance of
the different proposed mechanisms is. Most likely, a main role is played by increased
production of FFA by visceral fat. It has been shown that excessive influx of FFA into
the muscle and the liver leads to insulin resistance (32). In fact, visceral fat has a higher
lipolytic activity compared with the subcutaneous adipose tissue because of a higher
sensitivity to catecholamines and a lower sensitivity to the antilipolytic effect of insulin
(31). Therefore, the contribution of visceral fat to the circulating levels of FFA is much
higher than that expected on the basis of its mass. Moreover, only FFA coming from
visceral fat tissue are directly drained by the portal venous system to the liver.

Other mechanisms may be equally important. In fact, many differences in produc-
tion of hormones and cytokines between subcutaneous and visceral fat have been
shown. In particular, visceral fat produces more resistin, IL-6, TNF-o, and PAI-1,
whereas subcutaneous fat produces more leptin, and adiponectin (/,34-36). Differences
also exist between abdominal and gluteo-femoral subcutaneous fat. Because of this,
abdominal obesity is characterized by lower levels of adiponectin and by higher levels
of some cytokines; this profile may increase insulin resistance and determine endothelial
inflammation and CV morbidity. In Table 1, a summary of the differential production
of adipose factors in abdominal and gluteofemoral obesity is presented.

FAT DISTRIBUTION AND ADIPOSE PRODUCTS
IN OBESE WOMEN WITH PCOS

For many years, it has been known that abdominal-type obesity is largely prevalent
in obese women with PCOS (7,37). Because of this, it is not surprising that the same
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Table 1
Differences in Adipose Products Between Gluteo-Femoral
and Abdominal Obesity
Gluteo-femoral obesity Abdominal obesity
FFA + +++
Leptin ++ +++
Adiponectin -+ +
Resistin + +
TNF-a + +++
IL-6 + +++
PAI-1 ++ 4+

alterations of abdominal obesity have been found in obese patients with PCOS. In
fact, compared with normal-weight controls, obese women with PCOS present lower
levels of adiponectin (38), increased levels of PAI-1 (39), increased activity of the
angiotensin—renin system (40,41), and increased cytokines and inflammatory markers
(42). However, obese patients with PCOS present two important differences in com-
parison with non-PCOS women with abdominal obesity: more severe insulin resist-
ance and higher androgen levels. Because both of these factors may affect adipocyte
function, it is important to understand whether there are differences in production of
adipose factors between obese women with PCOS and non-PCOS women with abdom-
inal obesity. However, only in a few studies, obese women with PCOS have been
matched against obese women with similar fat distribution. In most studies, obese
controls have been matched only according to age and body mass index (BMI) and
because of this, it still unclear what differences there are, if any, between obese patients
with PCOS and non-PCOS women with abdominal obesity. The available data indi-
cate the following:

1. Adipose hormones. There are no differences in levels of leptin, resistin, and adiponectin
between obese women with PCOS and obese controls (43). Therefore, it is unlikely
that the hormonal activity of obese patients with PCOS is different from obese patients
with similar fat distribution.

2. Cytokines. There are no differences in levels of TNF-a, IL-6, and markers of inflam-
mation between obese women with PCOS and obese controls (42,44). Therefore, it is
unlikely that the cytokine production of obese patients with PCOS is different from
obese patients with similar fat distribution.

3. PAI-1. A significant increase in PAI-1 levels between obese women with PCOS and
obese controls has been reported by some authors (45), but not by others (46).

4. Angiotensin—renin system. Very few data are available.

Most likely, when frank obesity is present, most obese subjects present some
degree of abdominal or visceral obesity. It has been reported that in women, an
abdominal visceral fat area higher than 100 cm? is sufficient to determine significant
alterations of CV risk profile (47). Therefore, when using sufficiently large control
groups, it is probably acceptable to compare obese patients with PCOS with obese
controls.
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Adiponectin serum levels in control
women and PCOS patients

iL‘J Céﬁrol w'oriﬁein:
|l PCOS patients i

|
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* p<0.05 versus normoweight women with PCOS

Fig. 2. Adiponectin serum levels in normal controls and patients with polycystic ovary syndrome
matched by body mass index. (Modified from ref. 43.)

FAT DISTRIBUTION AND ADIPOSE PRODUCTS
IN NORMOWEIGHT PCOS

The situation is different in normal-weight patients with PCOS. In fact, comparing
these patients with controls of similar BMI, the following pattern of adipose products
has been found:

1. Adipose hormones. There are no differences in serum leptin and resistin, but
adiponectin is significantly lower in normoweight women with PCOS than in controls
matched for BMI but not for fat distribution (43) (Fig. 2).

2. Cytokines. Normoweight patients with PCOS have higher serum levels of TNF-o: than
normoweight women (42).

3. PAI-1. Normoweight women with PCOS have higher serum levels of PAI-1 than
normoweight women (48,49).

4. Angiotensin-renin system. Normoweight women with PCOS have higher levels of
renin and components of the system than normoweight controls (40).

All these data suggest that normoweight women with PCOS have an increased
production of adipose factors that is similar to that found in abdominal obesity. At the
moment, no sure explanation of this phenomenon can be given. Several hypotheses
may be considered. Because these patients present a mild hyperinsulinemia and insulin
resistance (50), it is possible that it is sufficient to alter the adipocyte function.
Consistent with this hypothesis, serum PAI-1 correlates with serum insulin in
normoweight women with PCOS (48,49). However, in the same group of patients, no
correlation was found between serum adiponectin (43) or serum TNF-o. (42) and serum
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insulin levels or indices of insulin resistance. Even in overweight patients with PCOS,
no correlation between serum adiponectin and serum insulin or indices of insulin
resistance was found (43).

Hyperisulinemia alone is likely not sufficient to explain adipocyte dysfunction of
normoweight women with PCOS. A partially different possibility is that normoweight
and overweight women with PCOS have some degree of visceral (or, in general,
abdominal) obesity that is not sufficient to determine an increase of body weight so to be
defined “obesity,” but that may be sufficient to determine increased production of some
adipose products (43). On the other hand, visceral obesity and hyperinsulinemia are
generally strictly related, and it is always difficult to separate the two phenomena.

Data on fat distribution in normoweight patients with PCOS are very few. Recently,
it has been shown that normoweight patients with PCOS have higher fat accumu-
lation in visceral deposit (57) and lower subcutaneous fat in gluteo-femoral area (52).
Although greater experiences and studies on the correlation between fat distribution
and adipose products in normoweight and overweight women with PCOS are needed,
the available data suggest that in these patients, increased abdominal fat participates
in the increased CVD risk. Of course, insulin resistance is linked to the increase of
visceral fat, and it may contribute to the adipocyte dysfunction of normoweight women
with PCOS.

CONCLUSIONS

Abdominal obesity determines an excessive adipose production of hormones,
cytokines, and other products that are associated with an increased risk for CV disease.
Patients with PCOS present excessive fat accumulation in abdominal and visceral
deposits, and it plays an important role in their increased risk for CV disease. This
altered fat distribution is present not only in the obese, but also in overweight and in
normoweight patients with PCOS.

FUTURE AVENUES

Although it is clear that excessive abdominal fat has an important role in increased
CVD and metabolic risk of PCOS, it remains to be determined what is the cause of this
kind of fat distribution. s it the consequence of insulin resistance or of androgen excess
or of both? Is it genetically determined or is a consequence of environmental factors?
What is the relationship between the number or the size of fat cells and their function?
What is the relationship between adipose function and insulin resistance? Many ques-
tions remain unanswered, and the resolution of these questions will be very important
in understanding the pathogenesis of PCOS.

KEY POINTS

1. Fat distribution is very important in determining metabolic and CVD risk.

2. Visceral fat is linked to increased CVD risk; however, excessive subcutaneous abdominal
fat may alter the risk factors.

3. Excessive abdominal and visceral fat is present not only in obese patients with PCOS but
also, although to lesser degree, in overweight and normoweight patients with PCOS.
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. Altered fat distribution may, at least in part, explain the increased risk of overweight

and normoweight PCOS.
Abdominal obesity of women with PCOS may be linked to hyperinsulinemia and/or
androgen excess.
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Summary

Women with polycystic ovary syndrome (PCOS) suffer infertility primarily because of chronic
anovulation, the basis for which has not been completely established. Fundamental to the problem is
decreased follicle-stimulating hormone (FSH) secretion and arrest of follicle growth at the midantral
stage of development. As a result, treatment methods that result in increased FSH release are associa-
ted with ovulatory responses in many individuals. In particular, clomiphene citrate has proven to be
an effective means of ovulation induction. Failure to respond to clomiphene has led to the use of
gonadotropin therapy with good results. However, the benefit of gonadotropin use is balanced
against the increased risk for ovarian hyperstimulation syndrome. Insulin resistance is a common
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feature of PCOS and treatment with insulin-lowering drugs has provided an effective alternative
for individuals that are clomiphene-resistant and reluctant to advance to gonadotropin therapy.
Ovulatory responses to metformin and thiazolidinediones have been variable, as judged by published
studies, although in general, they appear to be at least as effective as clomiphene citrate. Whether the
combination of an insulin-lowering drug and clomiphene citrate holds greater benefit compared with
either method alone remains to be established.

Key Words: Anovulation; clomiphene; gonadotropins; metformin; thiazolidinediones; aromatase
inhibitors.

INTRODUCTION

It has been estimated that 80% of women with polycystic ovary syndrome (PCOS)
exhibit irregular and infrequent menstrual bleeding as a result of anovulation (/-3). The
failure of ovulation leads to infertility, which is often the presenting complaint in these
women. The precise mechanism responsible for anovulation in PCOS is unknown,
although decreased follicle-stimulating hormone (FSH) secretion and follicle arrest at
the midantral stage of development have been well documented. Based on these
findings, primary treatment has been directed toward follicle stimulation and ovulation
induction. However, ovulation induction in PCOS has proven to be a particular challenge
to practicing physicians because of varied ovarian responses that range from a lack of
initial follicle stimulation to an increased risk for ovarian hyperstimulation syndrome.
In addition, common features of PCOS, such as insulin resistance and obesity, can
adversely influence clinical responses to commonly used regimens for ovulation induction.
The various treatment options for ovulation induction in women with PCOS will be
discussed in this chapter.

WEIGHT LOSS

For obese women with PCOS, it has been well-recognized that weight loss alone may
result in the initiation of regular ovulatory cycles, and in some cases, spontaneous
pregnancy (3-6). In these reports, weight loss was also associated with decreases in
abdominal adiposity, insulin resistance, circulating insulin levels, and serum androgen con-
centrations, while improving adverse lipid profiles. Recently, it was demonstrated that
dietary restriction combined with exercise in modestly overweight individuals reduced
the risk of diabetes by 58% compared with a control group (7). The potential benefit of
lifestyle modification has been examined in obese women with PCOS, who exhibit
many of the risk factors for diabetes (8). Of 15 anovulatory women with PCOS who
sustained lifestyle adjustment for 6 months, 9 resumed ovulation and 2 became pregnant.
The body mass index (BMI) and waist circumference was lower in the responders
compared with the six women who failed to ovulate. In addition, there were significant
decreases in luteinizing hormone (LH) and fasting insulin levels in the ovulatory women,
whereas no differences were detected for leptin, testosterone, free testosterone, and sex
hormone-binding globulin (SHBG) levels between groups. Mean weight loss was between
2 and 5% of starting weight over the program. These findings suggest an effective
role for lifestyle modification in women with PCOS burdened with anovulation
irrespective of weight loss, as the percentage of body weight reduction was small.
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Use of lifestyle modification in combination with metformin has been studied in
anovulatory obese women with PCOS (9). Ovulation rates were not significantly differ-
ent among those treated with lifestyle modification and metformin compared with
either therapy alone. However, a subgroup analysis based on the presence or absence of
weight loss, independent of intervention group, showed that the odds ratio for weight
loss was 9.0 with respect to regular ovulation. Thus, the women with PCOS who lost
weight were estimated to be nine times more likely to ovulate than those who did not
lose weight. Moreover, the group treated with metformin who experienced weight loss
was estimated to be 16 times more likely to regularly ovulate. There was no difference
in the amount of weight reduction among the treatment groups.

Although it is often perceived that women with PCOS have difficulty achieving
weight loss, few studies have examined this particular issue. It has been theorized that
differences may exist in energy expenditure or appetite regulation (/0,11), but further
research is needed to elucidate the mechanisms involved. Weight loss should be the
first line of treatment in obese women with PCOS with anovulatory infertility for
improvements in both reproductive and metabolic health and associated physiological
morbidities (/2). Although weight reduction may benefit women with PCOS in their
effort to achieve pregnancy, it must be cautioned that maintenance of weight loss is
difficult and dedication to lifestyle modification is essential to ensure any long-term
health benefit.

CLOMIPHENE CITRATE

Clomiphene citrate (CC) was initially introduced for clinical trials in 1960 and
received Food and Drug Administration (FDA) approval in 1967. In women with PCOS,
its antiestrogenic action in blocking estrogen receptors inhibits the negative feedback
effect of persistent estrogen exposure, which leads to increased FSH release and sub-
sequent follicle stimulation. CC is given in an oral dose of 50-150 mg daily for 5 days,
starting with the lowest dose, progressively increasing the dose by 50-mg increments if
ovulation does not occur (/3). Treatment is commenced in the early follicular phase,
usually on day 2 or 3. If the woman has not recently menstruated, CC may be initiated
after progesterone-induced withdrawal bleeding. Approximately 80% of patients will
ovulate on a dose of 150 mg or less (/4), as documented by midluteal phase serum prog-
esterone, urine ovulation kits, or biphasic temperature change. The majority of pregnan-
cies will occur within the first three cycles of treatment (/5) and in women 35 years of
age or younger (/6). In some instances, CC has been administered at greater doses (up
to 250 mg/day and for more than 5 days) in an effort to achieve ovulation (17,18).
Although the total duration of CC treatment depends on several factors including age,
BMI, cycle history, and androgen levels (19), we generally limit use to 3—-6 months
depending on the ovulatory response. In has been reported that most patients treated
with CC experience ovulation, although pregnancy occurs in only approx 40% (15,19).
This may be the result of several factors, including the antiestrogenic effects of CC on
the endometrium and cervical mucus. In patients whom endometrial and/or cervical
factors appear to be detrimental to the desired outcome of pregnancy, progression to an
alternative therapy is recommended (/4).
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GONADOTROPINS

Beginning in 1961, gonadotropins extracted from urine of postmenopausal women
became available for use in clinical practice through intramuscular injection. In 1996,
recombinant human FSH became available and had the added benefit of subcutaneous
administration (/3). Although gonadotropins are often the next step in ovulation
induction following failed CC therapy, women with PCOS pose a particularly precarious
dilemma. In particular, the baseline antral follicle count in women with PCOS is
markedly higher than in women without PCOS. The greater number of follicles relates
to an increased risk of exaggerated ovarian responsiveness to progressively higher doses
of gonadotropin therapy, thus making women with PCOS particularly prone to ovarian
hyperstimulation syndrome and multiple pregnancies. Conversely, the onset of ovulation
induction in women with PCOS is commonly fraught with a lack of follicle response to
gonadotropin administration. This reduced follicle responsiveness may be overcome
with progressive increases in the dose or duration of FSH. Low-dose administration of
FSH has been particularly useful, as the risk of ovarian hyperstimulation syndrome is
considerably diminished with this method of ovulation induction (20). The gradual
accumulation of constant low-dose FSH over time is preferred to an escalation of the
daily dose because of an apparent FSH threshold beyond which the risk of ovarian
hyperstimulation syndrome increases (27). In summary, women with PCOS exhibit
initial suboptimal ovarian responsiveness to FSH stimulation during the onset of
ovulation induction, which is responsive to daily, low-dose gonadotropin therapy. Once
follicle stimulation has been achieved, these women are predisposed to excessive follicle
growth associated with continued FSH stimulation, which increases the risk of ovarian
hyperstimulation syndrome.

The low-dose FSH regimens for women with PCOS have become standard practice
and involve a daily dose of 50-75 IU of FSH for up to 14 days followed by small-dose
increments where necessary at intervals of not less than 7 days. This is continued with
close ultrasound and/or estradiol monitoring until criteria for human chorionic
gonadotropin trigger are reached. Mono-ovulation is achieved in more than 70% of
cycles and pregnancy rates are slightly improved over conventional dose therapy
(22,23). Using this regimen, the incidence of ovarian hyperstimulation syndrome is
almost completely eliminated and the rate of multiple pregnancies is less than 6%.

CLOMIPHENE CITRATE WITH GONADOTROPINS

In women who are unresponsive or poorly responsive to CC, combined use with
gonadotropin therapy has been described previously (25-28). Notably and not surpris-
ingly, the specific regimens contained within these reports differ in sequence and dura-
tion of CC and gonadotropin administration. Although none of these studies have
focused specifically on women with PCOS, parameters for safety, cost, and potential
pregnancy rates can be applied to this patient population. In a large retrospective study
that compared outcomes of various stimulation protocol in a total of 770 cycles, the per-
cycle fecundity for sequential CC/gonadotropin therapy was twice that of CC alone and
equivalent to those of gonadotropins alone or a combined regimen of CC/gonadotropin
(27). A subsequent study tracked 416 treatment cycles of sequential CC/gonadotropins
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in women previously unable to conceive with CC therapy (28). The pregnancy rate and
live birth rate were 23.1 and 12.8%, respectively, in women younger than 35 years of
age, and 10.3 and 8.6%, respectively, in women 35-40 years of age. These findings
indicate that sequential administration of CC and gonadotropins may prove to be
effective in PCOS women that have failed CC therapy.

Whether CC plus gonadotropins afford greater efficacy over that of gonadotropins
alone is less clear. In a prospective randomized trial of women who had not responded
to CC, gonadotropin administration resulted in a statistically significant higher pregnancy
rate compared with the rate achieved in women treated with a combination of CC and
gonadotropins (29). In contrast, a greater response to sequential CC and gonadotropin
therapy was not observed in two studies that failed to demonstrate different pregnancy
rates between the sequential regimen and gonadotropin treatment alone (30,31). In light
of apparent higher or, at least, comparable pregnancy rates with CC and gonadotropin
therapy, a potential benefit is a lower dose with less cost compared with that of
gonadotropin employed alone.

INSULIN-LOWERING AGENTS

Insulin resistance probably exists in the majority of women with PCOS, which
increases their risk for developing impaired glucose tolerance and type 2 diabetes. The
prevalence of insulin resistance is exacerbated by the high rate of obesity in women with
PCOS (32). The introduction of the biguanide, metformin, and the thiazolididiones to
the treatment of PCOS has modified our approach to anovulation by virtue of improved
ovulatory rates following administration of these drugs (33,34). The mechanism by
which insulin-lowering agents act to enhance ovulation is not completely understood,
although reductions in serum levels of insulin, LH, androgens, and increases in SHBG
have been associated with their use. In addition, studies have demonstrated that these
compounds appear to exert a direct effect on ovarian function, at least, in vitro (35-41).

METFORMIN ALONE

Metformin is an oral biguanide that was developed for the treatment of diabetes more
than 50 years ago. The primary mechanism of action involves inhibition of hepatic
glucose production without causing hypoglycemia. In women with type 2 diabetes,
metformin improves insulin sensitivity, reduces fasting glucose, and lowers insulin
concentrations. In a study to determine the beneficial effects of metformin on
endocrine-metabolic function in women with PCOS, it was observed that some women
ovulated in association with treatment (42). There followed several published reports
demonstrating the restoration of ovulatory function in PCOS treated with metformin at
a usual daily dose of 1500-2550 mg/day. The literature was summarized in a systematic
review in 2003, which calculated that 56-61% of women with PCOS ovulate on met-
formin alone (43). Consistent with these findings, a Cochrane review published that
same year showed that metformin therapy increased the ovulation rate by a factor of 3.9
compared with the placebo response (44). This data was corroborated by recent review,
which concluded that metformin was 50% more effective than placebo for ovulation
induction in infertile patients with PCOS (45).
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METFORMIN WITH CLOMIPHENE CITRATE

The use of combination metformin and CC in PCOS has provided additional benefit
with regard to resumption of ovulation. In obese women with PCOS who failed to
ovulate in response to metformin for 35 days, subsequent CC administration to 21
individuals was associated with a 90% ovulatory rate compared with 25 women in the
placebo-treated group with a rate of 4% (46). The clinical benefit of combining
metformin with CC in women with PCOS resistant to CC has also been studied. In a
recent randomized, placebo-controlled trial, CC-resistant women receiving metformin
for 7 weeks followed by CC exhibited a 79% (9 of 12) ovulation rate, whereas those
treated with placebo and CC had a 27% (4 of 15) ovulatory response (47). Similar
results were reported the following year in a study that compared metformin or placebo
for one cycle followed by the addition of CC in the second cycle. Ovulation occurred in
77% of women in the metformin plus CC group compared with 14% in the placebo
group (48).

METFORMIN WITH GONADOTROPINS

Women with PCOS who fail CC treatment are usually prescribed gonadotropins as the
next line of therapy. However, the risk of ovarian hyperstimulation syndrome and higher
order multiple pregnancies has always been a problematic concern. Pretreatment with
metformin prior to FSH stimulation may lessen this risk compared with a regimen of FSH
alone. In a small series that examined two groups of 10 women with PCOS, one group
was administered 1500 mg of metformin daily for a minimum of 1 month prior to FSH
stimulation (49). The other group did not receive metformin, but two cycles of FSH. In the
metformin-treated group the number of follicles greater than 15 mm in diameter and the
plasma estradiol levels were nearly twofold lower than in the group without metformin. In
addition, the number of cycles cancelled in the metformin-treated group was significantly
lower. In contrast, a significant benefit of metformin pretreatment was not found in 10
women with PCOS given a single cycle of FSH following 6 weeks of metformin com-
pared with results observed in 15 placebo-treated women (50). Serum estradiol levels,
mono- and multifollicular development, and ovulation rates were not different, although
three pregnancies were observed in the metformin group vs one that occurred in the
placebo group. Clearly, more studies are necessary in this area to determine whether met-
formin provides additional benefit to ovulation induction with gonadotropin therapy.

METFORMIN DURING PREGNANCY

Improved ovulation rates have led to an increased number of pregnancies in women
taking metformin. The logical issue raised by patients and physicians alike is whether
or not metformin should be continued during pregnancy. Metformin is a pregnancy class
B medication. Continued use of metformin initially focused on the potential increased
risk of first trimester miscarriage in women with PCOS. Although ascertainment of this
risk has been controversial, some reports have indicated a 30-50% miscarriage rate in
these women (57-53). Several case series and retrospective studies have described a
reduced miscarriage rate of 9-17% in PCOS women taking metformin throughout the
first trimester (54-57). This possible lower rate of miscarriage, however, has not been
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supported by a large, prospective, randomized clinical trial. Furthermore, although
continued use of metformin has been advocated in women with PCOS who become
pregnant to reduce the development of gestational diabetes, appropriate prospective
studies have not been performed (57-59). In summary, the efficacy of metformin with
respect to early pregnancy loss and protection from gestational diabetes has not been
definitively established and warrants further study.

THIAZOLIDINEDIONES

The thiazolidinediones (TZDs) are widely available for the treatment of type 2
diabetes mellitus. These compounds increase insulin sensitivity by binding to the
nuclear transcription factor peroxisome-proliferator-activated receptor to enhance
glucose transport. In addition, this class of agents may have a role in treating patients
with nondiabetic insulin-resistant conditions, such as PCOS. Similar to metformin,
TZDs lower insulin levels without changing blood sugar levels (60). Clinical use with
an early formulation, troglitazone, was associated with an unacceptable rate of liver
abnormalities, including hepatic failure and, as a result, was withdrawn from the market
in 2000. Currently, second-generation preparations, rosiglitzaone (Avandia) and
pioglitazone (Actos), have not resulted in significant liver abnormalities and are
available by prescription with recommended monitoring of liver enzyme levels. These
drugs are rated as class C and, therefore, are not recommended in pregnancy.

Early reports indicated that TZDs were effective in stimulating or enhancing ovulation
induction (61,62). In 2001, a large multicenter clinical trial of 410 women with PCOS
demonstrated that treatment with troglitazone increased rates of ovulation compared with
rates observed in individuals receiving placebo (63). The beneficial effects of troglitazone
on ovulation were both dose- and duration-dependent and were associated with improve-
ment of hirsutism, hyperandrogenemia, and insult resistance. Consistent with these
results, a recent randomized, double-blind, controlled study of 40 women with PCOS
revealed that pioglitazone administration significantly improved ovulation rates, hyper-
androgenism, and insulin sensitivity compared with a group of individuals treated with
placebo (64). More specifically, 41% of patients treated with pioglitazone had signs of
ovulation during the study period compared with 6% of those treated with placebo.

To determine whether combined treatment with metformin and TZD offered greater
reproductive—metabolic benefit, the effects of combination therapy in nonobese women
with PCOS were compared with those resulting from either drug alone (65). Ovulation
rates were statistically higher in women receiving metformin than those treated with
rosiglitazone, and the combination of the two was not more effective. Serum-free testos-
terone levels were also lower in the treatment groups over placebo, although mean
levels were comparable among all treatment regimens. Last, insulin levels and sensitivity
improved significantly after metformin or combination therapies, but not after rosiglita-
zone. These findings indicated that metformin was more effective than rosiglitazone in
improving ovulation, serum insulin levels, and insulin-sensitivity indices. Importantly,
the addition of rosiglitazone to metformin did not provide any benefit beyond that of
metformin alone. A caveat of this study was that all subjects with PCOS were nonobese
and not clinically insulin resistant, which may represent a subset of individuals less
receptive to TZD benefit.
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AROMATASE INHIBITORS

Aromatase inhibitors interrupt the conversion of androgen to estrogen and cause
a dramatic reduction of estrogen production. Letrozole and anastrazole are nonsteroidal
aromatase inhibitors that act by competitively binding with the heme group of the
cytochrome P-450 component of aromatase. The onset of action is rapid as demonstrated
by a 50% reduction in circulating estradiol level following a 0.1-mg dose of letrozole
(66). The estimated half-life of letrozole is about 40 hours. In women with PCOS,
administration of letrozole markedly lowers serum estradiol, which is believed to
interrupt estrogen-negative feedback resulting in increased FSH secretion. The rise
in FSH appears to be sufficient to initiate follicle growth as several studies have
reported increased ovulatory function following letrozole treatment (67-70). In a
prospective study of 12 anovulatory PCOS, initial CC treatment was associated with
a 44% ovulatory rate (8 of 18 cycles), whereas subsequent administration of 2.5 mg
of letrozole a day for 5 days, resulted in 75% ovulation (9 of 12 cycles) (67).
Additionally, there was a statistically significant improvement in endometrial thickness
on the day of human chorionic gonadotropin with letrozole compared with that observed
with CC. In an extension of these studies, normal ovulatory women were examined
during a spontaneous cycle and a cycle in which either CC or letrozole was used
during the early follicular phase (71). In both treatment groups the number of matures
follicles was greater than the number occurring in spontaneous cycles. Between
treatment groups there was no difference in endometrial thickness or follicle profiles,
although serum estradiol levels were higher in CC-treated women compared with
levels seen in the letrozole group. Thus, letrozole was as effective as CC in stimulating
follicle growth, but did not exhibit any adverse effect on endometrial thickness.
Recently, it was reported in normal women that ovarian and hormonal responses to
the nonsteroidal aromatase inhibitor anastrozole were similar to those of letrozole (72).
The advantage of anastrozole is the lack of teratogenicity in mice as compared with
that of letrozole.

Despite the relative paucity of reported experiences with letrozole, there have been
several studies exploring the potential additive benefit in combination with other ovarian
stimulation regimens, including CC, gonadotropins, and in vitro fertilization outcomes.
As an adjunct to ovulation induction, letrozole use was associated with a lowered FSH
dose requirement and in one study may have increased ovarian responsiveness in poor
responders (73-75). In addition, clinical outcomes have been examined in women
treated with letrozole, either alone or in combination with other stimulation protocols
vs regimens not involving letrozole (CC, gonadotropins, and spontaneous pregnancies).
Of 394 pregnancies from three tertiary referral centers, miscarriage and ectopic
pregnancy rates were not significantly different between women receiving letrozole
compared with those not given letrozole (76). Notably, letrozole use was associated
with significantly fewer multiple gestations compared with the other regimens not
involving letrozole.

Recently one report described an increased prevalence of fetal anomalies in women
conceiving on letrozole over that of women conceiving spontaneously. However, in a
subsequent review of a large experience of letrozole-induced pregnancies, the occur-
rence of fetal anomalies was not greater than that of the general population.
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DEXAMETHASONE

Dexamethasone has been reported to facilitate ovulation induction in hirsute women
with anovulation (77,78). Dexamethasone (0.5 mg) given at bedtime blunts the early
morning peak of adrenocorticotropic hormone (ACTH) release and causes a decrease in
adrenal dehydroepiandrosterone sulfate (DHEA-S) and testosterone. As an adjunct to
CC, dexamethasone appeared to benefit primarily those hyperandrogenic individuals
with elevated levels of DHEA-S (78). In a randomized study of anovulatory women
who had not previously received CC, the effectiveness of dexamethasone plus CC
was compared with that of CC alone (79). Those treated with combination therapy
exhibited a higher ovulatory and conception rate than the group given CC alone,
provided that their DHEA-S levels were elevated. In the absence of increased DHEA-S,
the two regimens produced similar rates of ovulation and pregnancy. In these studies,
dexamethasone was administered daily until pregnancy was achieved. However,
long-term therapy is not recommended as potential side effects may outweigh the
benefits in this patient population.

CONCLUSION

Ovulation induction in women with PCOS can be a challenging and sometimes
precarious endeavor for physicians treating this patient population. No single treat-
ment regimen has proven to be uniformly successful in achieving ovulation in this
disorder, which has spawned a variety of innovative and, occasionally novel, thera-
peutic protocols to promote follicle development while simultaneously minimizing
risk of ovarian hyperstimulation. As is true with many of the practices within the field
of infertility, additional prospective randomized trials are needed to continue the
evolution of treatment options for ovulation induction in women with polycystic
ovary syndrome.

FUTURE AVENUES
In women with PCOS:

1. Determine the efficacy of insulin-lowering drugs compared with clomiphene citrate for
ovulation induction.

2. Assess the role of insulin-lowering drugs during ovulation induction with gonadotropin

therapy.

Elucidate the basis for initial ovarian resistance to gonadotropin stimulation.

4. Identify the mechanism for ovarian hyperstimulation syndrome.

[99)

KEY POINTS

* Behavioral modification with weight loss is associated with resumption of ovulation in
women with PCOS and should be the first line of therapy.

* Clomiphene citrate is an effective agent for ovulation induction in women with PCOS.
* Insulin-lowering drugs are effective for ovulation induction in women with PCOS,
although efficacy compared with that of clomiphene citrate remains to be established.

* The demonstrated success of gonadotropin therapy is tempered by the increased risk of

ovarian hyperstimulation in women with PCOS.
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Summary

The need for a calibrated imaging of polycystic ovaries (PCO) is now stronger than ever
since the recent consensus conference held in Rotterdam, May 1-3, 2003. However, imaging
PCO is not an easy procedure and it requires a thorough technical and medical background. The
two-dimensional ultrasonography remains the standard for imaging PCO and the current consensus
definition of PCO determined at the joint American Society for Reproductive Medicine/European
Society of Human Reproduction and Embryology (ASRM/ESHRE) consensus meeting on polycystic
ovary syndrome rests on this technique: either 12 or more follicles measuring 2-9 mm in diameter
and/or increased ovarian volume (>10 cm?). The other techniques, such as Doppler, three-
dimensional, and magnetic resonance imaging, can help with the diagnosis, but are only second-line
techniques.

Key Words: Polycystic ovary; ultrasonography; follicle; stroma; diagnosis; doppler; MRI.

INTRODUCTION

In the wake of the consensus conference held in Rotterdam in 2003, the need for
calibrated imaging of polycystic ovaries (PCO) is stronger than ever. Indeed, the
subjective criteria that were proposed 20 years ago and were still used until recently by
the vast majority of authors are now being replaced by a stringent definition using
objective criteria (/,2).
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Imaging PCO is not an easy procedure. It requires a thorough technical and medical
background. The goal of this chapter is to provide the reader with the main issues
ensuring a well-controlled imaging for the diagnosis of PCO. The two-dimensional
(2D) ultrasonography (U/S) will be first and extensively addressed because it remains
the standard for imaging PCO. Other techniques, such as Doppler, three-dimensional
(3D), and magnetic resonance imaging (MRI) will be described more briefly.

2D U/S

Technical Aspects and Recommendations

The transabdominal route should always be the first step of pelvic sonographic
examination, followed by the transvaginal route, except in virgin or refusing patients.
Of course, a full bladder is required for visualization of the ovaries. However, one
should be cautious that an overfilled bladder can compress the ovaries, yielding a falsely
increased length. The main advantage of this route is that it offers a panoramic view of
the pelvic cavity. Therefore, it allows excluding associated uterine or ovarian abnor-
malities with an abdominal development. Indeed, lesions with cranial growth could be
missed when using the transvaginal approach exclusively.

With the transvaginal route, high-frequency probes (>6 MHz) with a better spatial
resolution but less examination depth can be used because the ovaries are close to the
vagina and/or the uterus, and because the presence of fatty tissue is usually less disturbing
(except when very abundant). With this technique, not only are the size and the shape
of ovaries visible, but so are their internal structure, namely, the follicles and stroma. It
is now possible to get pictures that have a definition close to anatomical cuts. However,
the evaluation of the ovarian size via the transvaginal approach is difficult. To be the
most accurate, it requires meticulously choosing the picture where the ovary appears
the longest and the widest. This picture must then be frozen. Two means can be proposed
for calculating the ovarian area: either fitting an ellipse to the ovary with the area given
by the machine, or outlining the ovary by hand with automatic calculation of the
outlined area. This last technique must be preferred in cases of non-ellipsoid ovaries, as
sometimes observed. The volume is the most complete approach. Traditionally, it can
be estimated after the measurement of the length, width, and thickness using the classical
formula for a prolate ellipsoid: L x W x T x 0.523 (3-5). However, the ovaries have to
be studied in three orthogonal planes, a condition that is not always respected. The 3D
U/S is an attractive alternative for the accurate assessment of ovarian volume, but this
technique is not commonly available (see 3D Ultrasound).

In order to count the total number of “cysts” (in fact, follicles) and to evaluate their
size and position, each ovary should be scanned in longitudinal and/or transversal cross-
sections from the inner to outer margins.

The Consensual Definition of PCO

According to the literature review dealing with all available imaging systems and
the discussion at the joint ASRM/ESHRE consensus meeting on PCOS held in
Rotterdam, May 1-3, 2003, the current consensus definition of PCO is the following:
either 12 or more follicles measuring 2—-9 mm in diameter and/or increased ovarian
volume (>10 cm?).
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The priority was given to the ovarian volume and to the follicle number because both
have the advantage of being physical entities that can be measured in real-time condi-
tions and because both are still considered the key and consistent features of PCO.

INCREASED OVARIAN VOLUME

Many studies have reported an increased mean ovarian volume in series of patients
with polycystic ovary syndrome (PCOS) (4,6,7,16,17). However, the upper normal
limit of the ovarian volume suffers from some variability in the literature (from 8 to
15.6 cm?). Such variability may be explained by the following:

¢ The small number of controls in some studies; and/or

* Differences in inclusion or exclusion criteria for control women; and/or

* Operator-dependent technical reasons. It is difficult indeed to obtain strictly longitudinal
ovarian cuts, which is an absolute condition for accurate measures of the ovarian axis
(length, width, thickness).

The consensual volume threshold to discriminate a normal ovary from a PCO is 10 cm?
(1). It has been empirically retained by the expert panel for the Rotterdam consensus as
being the best compromise between the most complete studies (6,7). Indeed, no study
published so far has used an appropriate statistical appraisal of sensitivity and speci-
ficity of the volume threshold. This prompted us to recently revisit this issue through a
prospective study including 154 women with PCOS compared with 57 women with
normal ovaries. The receiver operating characteristic (ROC) curves indicated that a
threshold of 10 cm? yielded a good specificity (98.2%) but a bad sensitivity (39%).
Setting the threshold at 7 cm? offered the best compromise between specificity (94.7%)
and sensitivity (68.8%) (8). Thus, in our opinion, the threshold at 10 cm? should be
lowered in order to increase the sensitivity of the PCO definition.

INCREASED FOLLICLE NUMBER

The polyfollicular pattern (i.e., excessive number of small echoless regions <10 mm
in diameter) is strongly suggestive because it is in perfect reminiscence with the label
of the syndrome (i.e., “polycystic”). It is now broadly accepted that most of these cysts
are in fact healthy oocyte-containing follicles and are not atretic.

The consensus definition for a PCO is one that contains 12 or more follicles of 2-9 mm
in diameter. Again, the expert panel for the Rotterdam consensus considered this threshold
as being the best compromise between the most complete studies, including the one in
which we compared 214 patients with PCOS with 112 women with normal ovaries (9).
By ROC analysis, a follicle number per ovary (FNPO) of 12 or more follicles of 2-9
in mm diameter yielded the best compromise between sensitivity (75%) and specificity
(99%) for the diagnosis of PCO.

The Rotterdam consensus did not address the difficult issue of the presence of
multifollicular ovaries (MFO) in situations other than PCOS. Again, the terminology
might be better annotated as multifollicular rather than multicystic. There is no consensual
definition for MFO, although these have been described as ovaries in which there are
multiple (26) follicles, usually 4-10 mm in diameter, with normal stromal echogenicity
(4). No histological data about MFO are available. MFO are characteristically seen during
puberty and in women recovering from hypothalamic amenorrhea—both situations
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being associated with follicular growth without consistent recruitment of a dominant
follicle (10,11). Although the clinical pictures are theoretically different, there may be
some overlap, however, resulting in the confusion between PCO and MFO by inexperi-
enced ultrasonographers. This stresses the need for considering carefully the other
clinical and/or biological components of the consensual definition for PCOS. We
recently revisited the ovarian follicular pattern in a group of women with hypothalamic
amenorrhea. About one-third had a FNPO higher than 12 (unpublished personal data).
Because they were anovulatory or oligo-ovulatory, they could be considered as having
PCOS if one applied the Rotterdam definition too inflexibly! This might be true in
some patients whom we do believe had PCOS whose clinical and biological expression
had been modified by the chronically suppressed luteinizing hormone (LH) levels
caused by their secondary hypothalamic dysfunction (/2). In the others, however,
such an overlap in the FNPO emphasizes the need for a wise and careful utilization
of the Rotterdam criteria, as well as for considering other ultrasound criteria for PCO
in difficult situations.

Other Criteria and Other Definitions
EXTERNAL MORPHOLOGICAL SIGNS OoF PCO

At its beginning in the 1970s, the weak resolution of U/S abdominal probes allowed
the exclusive detection of the external morphological ovarian features that were used as
the first criteria defining PCO:

e The length, the upper limit of which is 4 cm, is the simplest criterion, but this
uni-dimensional approach may lead to false-positive results when a full bladder
compresses the ovary (with the transabdominal route), or false-negative results when
the ovaries are spheric, with a relatively short length.

e Because of the increased ovarian size and the normal uterine width, the uterine
width/ovarian length (U/O) ratio is decreased (<1) in PCO.

¢ PCO often display a spherical shape, in contrast to normal ovaries, which are ellipsoid.
This morphological change can be evaluated by the sphericity index (ovarian
width/ovarian length), which is higher than 0.7 in PCO.

These parameters are less used nowadays because of their poor sensitivity (/3).

THE OVARIAN AREA

It is less used than the volume and was not retained in the consensus definition but,
in our recent study revisiting the ovarian volume (§), the diagnostic value of the
ovarian area (assessed by the ROC curves) was slightly better than the ovarian volume
(sensitivity: 77.6%, specificity: 94.7% for a threshold at 5 cm*ovary). We also
observed that the measured ovarian area (by outlining the ovary by hand or by fitting
an ellipse to the ovary) was more informative than the calculated ovarian area (by using
the formula for an ellipse: length x width X ©/4). Indeed, ovaries are not strictly
ellipsoid and this can explain why the diagnostic value of the former was better than
the latter. We previously reported that the sum of the area of both ovaries was less than
11 cm? in a large group of normal women (/4,15), but a threshold at 10 cm? seems to
offer the best compromise between sensitivity and specificity. Beyond this threshold,
the diagnosis of PCO can be suggested.
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Fig. 1. Polycystic ovary (B mode). The ovarian outlined areas (9.7 cm? at right and 8.9 cm? at left) are
increased. The follicle number, with a diameter between 2 and 9 mm, is more than 12. The small
follicles display a typical peripheral pattern around the hyperechoic stroma.

THE INCREASED STROMA

Stromal hypertrophy is characterized by an increased component of the ovarian
central part, which seems to be rather hyperechoic (Fig. 1). In our (13,14) and in others’
opinions (16), the stromal hypertrophy and hyperechogenicity help to distinguish
between PCO and MFO because these features are specific for the former. However,
the estimation of hyperechogenicity is considered highly subjective, mainly because it
depends on the settings of the ultrasound machine. Likewise, in the absence of a
precise quantification, the stromal hypertrophy is also a subjective sign.

For standardizing the assessment of stromal hypertrophy, we designed a computerized
quantification of ovarian stroma, allowing selective calculation of the stromal area by
subtraction of the cyst area from the total ovarian area on a longitudinal ovarian cut
(14,15). By this means, we were able to set the upper normal limit of the stromal area
(i.e., 95th percentile of a large control group of 48 normal women) at 380 mm? per
ovary. However, providing a precise outlining of the ovarian shape on a strictly longi-
tudinal cut of the ovaries, the diagnostic value of the total ovarian equaled the one of
stromal area because both were highly correlated.

Fulghesu et al. (/7) proposed the ovarian stroma/total area ratio as a good criterion
for the diagnosis of PCOS. The ovarian stromal area was evaluated by outlining with
the caliper the peripheral profile of the stroma, identified by a central area slightly
hyperechoic with respect to the other ovarian area. However, this evaluation seems to
be difficult to reproduce in routine practice.

Stromal echogenicity has been described in a semi-quantative manner with a score
for normal (1), moderately increased (2), or frankly increased (3) (/8). In this study, the
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total follicle number of both ovaries combined correlated significantly with stromal
echogenicity. Echogenicity has been quantified by Al-Took et al. (19) as the sum of the
product of each intensity level (ranging from O to 63 on the scanner), and the number
of pixels for that intensity level divided by the total number of pixels in the measured
area. Buckett et al. (20) used this same formula, but no difference of the stromal
echogenicity was found between women with PCOS and women with normal ovaries.
The conclusion is that the subjective impression of increased stromal echogenicity is
the result of both increased stromal volume alongside reduced echogenicity of the
multiple follicles.

In summary, ovarian volume or area correlates well with ovarian function and is
both more easily and reliably measured in routine practice than ovarian stroma. Thus,
to define the polycystic ovary, neither qualitative nor quantitative assessment of the
ovarian stroma is required.

FOLLICLE DISTRIBUTION

In PCO, the follicle distribution is predominantly peripheral, with typically an echo-
less peripheral array, as initially described by Adams et al. (4) (Fig. 1). For some authors
(21), younger patients more often display this peripheral distribution, whereas a more
generalized pattern, with small cysts in the central part of the ovary, is noticed in older
women. At the Rotterdam meeting, this subjective criterion was judged to be too
inconstant and subjective to be retained for the consensus definition of PCO (7).

OTHER TECHNIQUES FOR IMAGING PCO

3D Ultrasound

To avoid the difficulties and pitfalls in outlining or measuring the ovarian shape, the
3D U/S has been proposed as a dedicated volumic probe or a manual survey of the ovary
(22-24). From the stored data, the scanned ovarian volume is displayed on the screen
in three adjustable orthogonal planes, allowing the three dimensions and, sub-
sequently, the volume to be more accurately evaluated. In a study of Kyei-Mensah et al.
(25), three groups of patients were defined:

1. Those with normal ovaries.
2. Those with asymptomatic PCO.
3. Those with PCOS.

The ovarian and stromal volumes were similar in groups 2 and 3 and both were
greater than group 1. Stromal volume was positively correlated with serum androstene-
dione concentrations in group 3 only. The mean total volume of the follicles was similar
in all groups, indicating that increased stromal volume is the main cause of ovarian
enlargement in PCO.

Nardo et al. (26) found good correlations between 2D and 3D ultrasound measurements
of ovarian volume and polycystic ovary morphology. However, in this prospective
study, total ovarian volume, ovarian stromal volume, follicular volume, and follicle
number did not correlate with testosterone concentration.

Because 3D ultrasound requires expensive equipment, intensive training, and a long
time for storage and data analysis, its superiority over 2D ultrasound to image PCO in
clinical practice is not evident.
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Doppler UIS

The assessment of uterine arteries will not be addressed in this chapter exclusively
devoted to PCO imaging. Color (or power) Doppler allows detection of the vascularization
network within the ovarian stroma. Power Doppler is more sensitive to the slow flows
and shows more vascular signals within the ovaries, but it does not discriminate between
arteries and veins. Moreover, the sensitivity of the machines differs from one to another.
The Pulsed Doppler focuses on the hilum or internal ovarian arteries and offers a more
objective approach. Because of the slow flows, the pulse repetition frequency (PRF) is
at a minimum (400 Hz) with the lowest frequency filter (50 Hz).

The study of the ovarian vascularization by these techniques is still highly subjective.
The blood flow is more frequently visualized in PCOS (88%) than in normal patients
(50%) in early follicular phase and seems to be increased (27). No significant difference
was found between obese and lean women with PCO, but the stroma was less vascularized
in patients displaying a general cystic pattern than in those with peripherical cysts. In the
latter, the Pulsatility Index (PI) values were significantly lower and inversely corre-
lated to the follicle-stimulating hormone (FSH)/LH ratio (28). In another study (29), the
Resistive Index (RI) and PI were significantly lower in PCOS (RI =0.55 + 0.01 and PI
=0.89 + 0.04) than in normal patients (RI = 0.78 4+ 0.06 and PI = 1.87 + 0.38) and the peak
systolic velocity was greater in PCOS (11.9 + 3.2) than in normal women (9.6 + 2.1).
No correlation was found with the number of follicles and the ovarian volume, but
there was a positive correlation between LH levels and increased peak systolic velocity.
In the Zaidi et al. (30) study, no significant difference in PI values was found between
the normal and PCOS groups, whereas the ovarian flow, as reflected by the peak sytolic
velocity, was increased in the former. Some data indicate that Doppler blood flow may
have some value in predicting the risk for ovarian hyperstimulation during gonadotropin
therapy (31). Increased stromal blood flow has also been suggested as a more relevant
predictor of ovarian response to hormonal stimulation than parameters, such as ovarian
or stromal volume (20,32).

To summarize, the increased stroma component in PCO seems to be accompanied
by an increased peak systolic velocity and a decreased PI at the ovarian Doppler study.
However, in all studies, values in patients with PCO overlapped widely those of the
normal patients. No data support so far any diagnostic usefulness of Doppler in PCO.

Magnetic Resonance Imaging

Data about MRI for PCO are still scarce in the literature (33-35). This technique
allows a multiplanar approach of the pelvic cavity, which helps to localize the ovaries.
Imaging quality is improved by the use of pelvic-dedicated phased-array coil receiver.
The most useful planes are the transversal and coronal views. The T2-weighted
sequence suits the best to the ovarian morphology. With this sequence, the follicular
fluid displays an hypersignal (white), and the solid component (stroma) displays a low
signal (black). T1-weighted sequences offer less information, but the Gadolium
injection allows studying the stromal vascularization. The fat saturation technique
increases the contrast obtained after the medium uptake by the vascularized areas.

The external signs of PCO (see External Morphological Signs of PCO) are easy to
analyze on MRI transversal sections. In addition, the T2-weighted sequence displays the
excessive number of follicles, but their detection and numbering is less easy than with
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U/S because of the poor spatial resolution of MRI, unless high magnetic fields are used
(1-1.5 Tesla). As with U/S, the stromal hypertrophy remains a subjective observation,
although obvious in many cases. After Gadolinium injection, there is a high uptake by the
stroma, suggesting that it is highly vascularized in PCO.

In most cases in practice, MRI does not afford more information than U/S for imaging
PCO (34). It is only helpful in difficult situations, such as a severe hyperandrogenism,
when U/S is not possible or not contributive (virgin or obese patients, respectively). Its
main role is to exclude a virilizing ovarian tumor, which should be suspected when the
ovarian volume is not symetrical and/or when there is a circumscribed signal abnormality,
either before or after Gadolinium injection. PCO associated with an ovarian tumor
might be a pitfall.

CONCLUSIONS AND FUTURE AVENUES OF INVESTIGATION

The U/S study of PCO has now left its era of artistic haziness. It must be viewed as
a diagnostic tool that requires the same quality control as a biological one, such as the
plasma LH assay. This supposes that its results are expressed as quantitative variables
rather than purely descriptive data. Last, it can be used by the clinician only if the ultra-
sonographer is sufficiently trained and his/her results are reproducible. Through its
sensitivity (providing that sufficient specificity is guaranteed), U/S has widened the
clinical spectrum of PCOS, and this has led to a reduction in the number of cases
diagnosed with “idiopathic hirsutism” and “idiopathic anovulation.”

The establishment of an international consensus definition for PCO was essential.
However, one should keep in mind that the endovaginal U/S is an improving technique
and becomes more and more accurate with time. Therefore, the thresholds of the
currently used criteria are prone to change and new criteria defining PCO will probably
appear in the future. Sooner or later, some new consensus shall probably be needed.

KEY POINTS

* The 2D U/S is the standard for imaging PCO.

* The transabdominal route should always be the first step of pelvic sonographic exami-
nation, followed by the transvaginal route (excepte in virgin or refusing patients), which
offers a better spatial resolution.

* The current consensus definition of PCO determined at the joint ASRM/ESHRE
consensus meeting on PCOS is the following: either 12 or more follicles measuring
2-9 mm in diameter and/or increased ovarian volume (>10 cm?) at U/S.

* The other techniques such as Doppler, 3D, and MRI can help with the diagnosis, but
are only second-line techniques.
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Summary

The familial aggregation of polycystic ovary syndrome (PCOS) suggests that genetic factors are
involved in the pathogenesis of this common disorder. Considering that insulin stimulates adrenal
and ovarian androgen synthesis, any disorder in which insulin levels are increased facilitates hyper-
androgenism and PCOS, especially in women with a primary abnormality in steroidogenesis leading
to exaggerated androgen synthesis.

Therefore, several genomic variants related to insulin resistance and hyperinsulinism have been
found in association with PCOS influencing glucose homeostasis, but it is unclear whether or not
these variants contribute to the hyperandrogenic phenotype of these patients.

In order to reveal the genetic defects that are actually responsible for PCOS, future studies should
compare women who, for a similar degree of insulin resistance, present with or without PCOS.
Similarly, studies conducted in PCOS patients and non-hyperandrogenic women separately, will
provide unbiased evidence of the influence of the genomic variants related to insulin resistance on the
metabolic abnormalities frequently found in patients with PCOS and whether or not this influence is
specific for PCOS, or is common to every woman irrespectively of her androgenic status.

From: Contemporary Endocrinology: Insulin Resistance and Polycystic Ovarian Syndrome:
Pathogenesis, Evaluation, and Treatment
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Hopefully, the precise identification of which variants contribute to insulin resistance in PCOS
will facilitate the identification of those patients especially predisposed to a favorable response to
insulin sensitizers.

Key Words: Insulin; insulin receptor; insulin receptor substrate; insulin-like growth factors;
oxidative stress; genomic variants; molecular genetics.

INTRODUCTION

The polycystic ovary syndrome (PCOS) is a common endocrine disorder in women
of reproductive age, with an estimated worldwide prevalence of approx 6% (1-3).
During the past years it has become evident that PCOS is a complex disorder in terms
of etiology and inheritance, and that the phenotype of the affected women might alter
through the life cycle and under the influence of various environmental factors (4).

Hyperinsulinemia and insulin resistance are present in a significant proportion of women
with PCOS. This chapter reviews whether genomic variants related to insulin synthesis
and action, or to other metabolic disorders in which insulin resistance is involved, play a
role in the pathogenesis of PCOS. Also, we will formulate several nonmutually exclusive
hypotheses in an attempt to explain the origins of these associations, highlighting their
possible clinical implications in the management of this common disorder.

EVIDENCE SUGGESTING AN INHERITED COMPONENT
IN PCOS AND ITS ASSOCIATED METABOLIC DISORDERS

The major evidence suggesting that there is an inherited component in PCOS is pro-
vided by familial aggregation of PCOS cases. Table 1 summarizes most of the studies
that reported existence of familial aggregation of PCOS. It should be noted that these
studies were hampered from the beginning by the heterogeneity in the populations
studied and the criteria used to diagnose PCOS. However, aside from these limitations,
it is evident that: (1) PCOS cases are more prevalent in the families of affected women;
(2) this familial aggregation does not closely follow any pattern of Mendelian or sex-
linked inheritance; and (3) the male equivalent of PCOS has not been clearly identified
to date, limiting the resolution of family-based studies of the syndrome.

Recent studies have expanded the familial aggregation of PCOS to the metabolic
disorders associated with insulin resistance. The studies conducted by Legro et al. in
the late 1990s (16,17), not only demonstrated that PCOS was more frequent in the sisters
of patients with PCOS compared to the sisters of nonaffected women, but also that
insulin resistance was more prevalent in these women. Specifically, both PCOS (defined
by chronic oligomenorrhea and hyperandrogenemia) and hyperandrogenemia without
menstrual dysfunction were present in 22 and 24% of the sisters of PCOS women,
respectively (16), and insulin resistance was inherited in association with hyperandro-
genemia independently of the presence or absence of menstrual dysfunction (/7). These
results were supported by those of Yildiz et al. (22), who, in addition, found a higher
degree of insulin resistance in the brothers of patients with PCOS compared to those of
unaffected women.

Furthermore, pancreatic B-cell dysfunction leading to hyperglycemia and disorders of
glucose tolerance, is inherited within PCOS families (23), suggesting that predisposition
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Table 1
Studies of Familial Aggregation in Functional Hyperandrogenism
and Polycystic Ovary Syndrome

Authors® Phenotype in first-degree relatives Suggested inheritance
Cooper et al. (5) Women: Oligomenorrhea and PCO Autosomal-dominant with

Men: Increased hairiness variable penetrance
Wilroy et al., Women: Hyperandrogenism and metabolic ~ X-linked

Givens et al. (6-8)  disorders
Men: Oligospermia and LH hypersecretion

Ferriman and Women: Infertility, oligomenorrhea Not determined
Purdie (9) Hirsutism.
Hague et al. (10) Women: PCO Not determined
Lunde et al. (11) Women: Hyperandrogenic symptoms Autosomal-dominant
Men: Premature baldness and increased
hairiness
Carey et al. (12) Women: PCO Monogenic
Men: Premature baldness
Jahanfar et al. Twin studies: Fasting insulin, Poligenic
(13,14) androstanediol glucuronide, lipid profile
Norman et al. (/15)  Men: Premature baldness, hypertrigly- Not determined

ceridemia and hyperinsulinemia
Legro et al. (16-18) Women: PCOS (NICHD), hyperandro-
genemia, insulin resistance

Men: Increased DHEAS Monogenic
Azziz et al., Women: PCOS (NICHD) Not determined
Kahsar-Miller
etal. (19,20)
Mao et al. (21) Men: Premature baldness Not determined
Yildiz et al. (22) Women: PCOS (NICHD) and insulin Not determined
resistance

Men: Insulin resistance

4Authors are cited in chronological order.

NICHD, National Institute of Child Health and Human Development criteria for the diagnosis of
polycystic ovary syndrome; PCO, polycystic ovaries on ultrasound examination; PCOS, polycystic ovary
syndrome; LH, luteinizing hormone.

(Reproduced from ref. 4. Copyright 2005, The Endocrine Society, with permission.)

to type 2 diabetes in patients with PCOS is also determined by genetic factors related to
B-cell dysfunction.

Nevertheless, inheritance is not necessarily genetic and this is especially important
for a metabolic disorder such as PCOS, in which acquired prenatal and environmental
factors may play an important etiological role in certain cases. It is being increasingly
accepted that prenatal factors, particularly malnutrition of any origin, exerts a permanent
programming of metabolic function leading to a thrifty phenotype characterized by insulin
resistance. This may lead to type 2 diabetes, metabolic syndrome, and cardiovascular
disease later in life, particularly when the subject is exposed to certain environmental
factors such as a high-fat diet and scarce physical activity (24).
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Fig. 1. Intrauterine growth retardation and insulin resistance as an example of non-genetic inheri-
tance, markedly influenced by environmental factors. Insults during pregnancy may result in
intrauterine growth retardation, inducing a thrifty phenotype in small for gestational age babies.
These women are predisposed to suffer from insulin resistance and may develop hypertension,
glucose intolerance, adrenal axis hyperactivity with relative cortisol excess, functional hyper-
androgenism and polycystic ovary syndrome later in life, especially if they are exposed to environ-
mental factors such as sedentary lifestyle and a diet rich in saturated fat. These environmental factors
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As exemplified in Fig. 1, a female baby small for its gestational age, a condition that
could be a result of any in utero injury, may turn into an obese girl because of per-
manent misprogramming of her metabolic function. By reaching fertile age she may
develop PCOS, diabetes and hypertension, which might cause further prenatal harm to
her offsprings. This prenatal damage may perpetuate the inheritance of these metabolic
disorders in her family, without participation of any gene, especially since some
environmental factors, such as diet and physical activity, which are heavily dependent
on education, contribute to the maintenance of this vicious circle. Such a mechanism is
also supported by the studies of Ibafiez et al. in Spaniards (25-28), showing that
children born small for gestational age frequently develop premature pubarche and
functional hyperandrogenism later in life.

Of note, at least in theory, a change in these environmental conditions that can be
achieved through a healthier diet and lifestyle, may break this vicious circle, highlighting
the importance of counseling in these families.

Therefore, we would like to conclude this section by emphasizing that although
familial aggregation of PCOS and insulin resistant disorders strongly suggest involve-
ment of inherited factors in their pathogenesis, it is by no means proper to assume that all
these factors are necessarily genetic, given into consideration that environmental factors
related to education are possibly involved and have also a strong familial occurrence.

PATHOPHYSIOLOGY OF PCOS: THE ROLE OF INSULIN RESISTANCE

The primary defect in PCOS appears to be an exaggerated androgen secretion by the
ovary and, in some patients, by the adrenal gland (29). This is supported by the series of
studies conducted in the past years by McAllister and her group in Hershey, PA. Using
primary cultures of ovarian theca cell obtained from women with PCOS and cells from
non-hyperandrogenic women as controls, they were able to demonstrate that increased
androgen secretion is a stable characteristic of PCOS theca cells, even after four passages
of culture, an observation suggesting strongly that this essential defect is intrinsic or
primary to these cells and not dependent on environmental factors (30). Further studies
demonstrated that most of the enzymes involved in androgen’s biosynthetic pathway
were overexpressed in these cells (37) and some of the mechanisms possibly responsible
for these abnormalities (32-35).

This primary tendency toward an augmented androgen synthesis and secretion is
triggered by several factors, of which hyperinsulinemia and insulin resistance are, at the time,
the best ones studied (36,37). Among others, the mechanism by which insulin stimulates
androgen secretion and favors hyperandrogenism includes the increase in secretion and

may also cluster in certain families because exercising and diet are heavily influenced by parental
habits. The metabolic abnormalities associated with the thrifty phenotype can induce further insult to
the pregnancies of small for gestational-age women and the defect might be transmitted to another
generation without participation of any genetic abnormality. However, if small for gestational-age
babies maintain healthy habits, insulin resistance and its consequences might be avoided and, at least
in theory, their fetuses will not be exposed to an unfavorable metabolic milieu during pregnancy, pre-
venting non-genetic inheritance of these conditions. (Modified from ref. 4. Copyright 2005, The
Endocrine Society, with permission. Some images © 2003-2005 www.clipart.com.)
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pulsatility of gonadotropins (38); raising the sensitivity of the adrenal androgen secretion
to adrenocorticotropic hormone (ACTH) (39); amplification of ovarian androgen secretion
in response to luteinizing hormone (LH) stimulation (40) and the augmentation of the
ovarian and adrenal key enzymes’ activity for androgen synthesis, 170-hydroxylase and
17,20 lyase (39,41). Furthermore, hyperinsulinemia also favors hyperandrogenism by the
following indirect mechanisms:

1. Insulin decreases insulin-like growth factor binding protein (IGFBP)-1, thereby increas-
ing insulin-like growth factor-1 availability in target tissues and upregulating the
expression of ovarian insulin-like growth factor-1 receptors (40).

2. Insulin favors the development of ovarian cysts and ovarian enlargement, in animal
models, acting synergistically with chorionic gonadotropin and LH (40).

3. Insulin decreases hepatic synthesis of sexual hormone-binding globulin (SHBG), lead-
ing to an increase in free androgen concentrations in the circulation (42,43).

In conceptual agreement with this favoring role of insulin on hyperandrogenism, any
clinical situation in which circulating insulin concentration is amplified should be asso-
ciated with an increased prevalence of hyperandrogenic disorders, including PCOS.
The most common cause for hyperinsulinemia is endogenous hyperinsulinism resulting
from insulin resistance (44), and accordingly, increased prevalence of PCOS has been
reported in typical insulin resistant disorders, such as type 2 diabetes (45,46), gestational
diabetes (47), and morbid obesity (48). In the latter, PCOS may resolve after normali-
zation of insulin sensitivity in response to the sustained and maintained weight loss
achieved after bariatric surgery, a remark supporting the important role of insulin resistance
and hyperinsulinemia in the PCOS of these women (48). Incidentally, there is also a
report of development of PCOS in a premenopausal woman presenting with an insulinoma,
in whom PCOS resolved after successful removal of the tumor (49), supporting even
further the concept that endogenous hyperinsulinism may result in hyperandrogenism
and PCOS.

Additionally, exogenous hyperinsulinism may also induce hyperandrogenism and
PCOS. At present, maintenance of a strict metabolic control is the mainstay of long-
term therapy of type 1 diabetes, with the ultimate endeavor of avoiding microvascular
complications (50). This aim usually requires administration of supraphysiological
doses of exogenous insulin, which at least in theory could stimulate androgen secretion
by the ovary. Accordingly, we have reported a threefold increase in the prevalence of
PCOS and of hyperandrogenic hirsutism in premenopausal women with type 1 diabetes
(51), and Codner et al. (52) recently found similar results in the Chilean population,
confirming that exogenous hyperinsulinism may induce hyperandrogenism is women.
Therefore, it appears that current evidence supports the notion that excessive insulin
concentrations, irrespectively of its cause, may facilitate the development of hyperan-
drogenism and PCOS.

However, there is also evidence that insulin resistance and hyperinsulinemia are not
universal in patients with PCOS, with an estimated 64% prevalence of these disorders
in the syndrome (53). Moreover, a significant proportion of severely insulin-resistant
obese women do not develop PCOS (48). Therefore, insulin resistance should be
considered as an important contributing factor to the pathogenesis of PCOS in some
women, but never as the primary defect leading to this disorder, and the same may
apply to the genomic variants related to insulin resistance.
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STUDIES OF GENOMIC VARIANTS RELATED
TO INSULIN RESISTANCE IN PCOS

Given the influence of hyperinsulinemia and insulin resistance in the pathogenesis
of PCOS, genes related to insulin resistance and its associated disorders, as well as
their genomic variants, have been considered as candidate genes for PCOS (4).

Insulin Gene

As previously stated, a primary defect in insulin secretion indicating pancreatic 3-cell
dysfunction, is associated with the occurrence of diabetes and exhibits a familial con-
stituent (23,54). Most studies related to the possible implication of insulin gene (INS)
in PCOS focused on a variable number of tandem repeats (VNTR) polymorphism
previously described to influence the inheritance of type 1 diabetes (55). This VNTR
polymorphism consists in the repeat of 14-15 bp at —596 from the transcription start site
(56) and, depending on the number of repeats, alleles are classified as I, 1I, and III,
class II alleles being rare in Caucasians.

Waterworth et al. (57) suggested a few years ago, using linkage and association studies,
that homozygosity for class I1I alleles was associated with PCOS and serum testosterone
levels in Caucasian women of the United Kingdom. This results were initially confirmed
by others (58,59), although there were also studies with discrepant results (60,61). Very
recently, the authors reporting the initial evidence for association between INS VNTR
polymorphism and PCOS published a rebuttal based on a series of family-based and
case—control studies in British and Finnish population and concluded that “variation at the
INS VNTR polymorphism has no major role in the development of PCOS” (62).

Insulin Receptor Gene

The frequent finding of insulin resistance in patients with PCOS made the insulin
receptor gene (INSR), located at chromosome 19, an obvious candidate gene for earlier
genetic studies of PCOS. The whole INSR of several patients with PCOS was sequenced
but no significant abnormalities were found (63,64). Even when increased phospho-
rylation of serine residues of the tyrosine kinase domain of the insulin receptor was
described both in vitro and in vivo (65,66}, no abnormalities were found in this domain
of INSR (67).

Family-based studies in the United States suggested that PCOS is associated with a
genetic marker located relatively close to INSR, D19S884 (68,69). However, this asso-
ciation has not been universally confirmed in case—control studies (70,71). Finally, a
C/T substitution at the tyrosine kinase domain of INSR in exon 17 has been recently
found to be associated with PCOS in women from the United States and China (72,73),
although its precise role in the pathogenesis of PCOS remains to be elucidated.

Insulin Receptor Substrate 1 and 2 Genes

Insulin receptor substrate 1 (IRS-1) and 2 (IRS-2) genes mediate the signaling of
insulin after its binding with the /NSR and the autophosphorylation of the latter. Patients
with PCOS present with a specific abnormality consisting of a decreased activity of an
IRS-1 phosphatydil-inositol 3 kinase (PI3K), apparently related to increased phospho-
rylation of Ser312 residues (74).
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Several studies have shown that allelic variants of the insulin-receptor substrate
genes, IRS-1 Gly972Arg and IRS-2 Gly1057Asp, may play a functional role on the
abnormalities of glucose metabolism in PCOS (75-77).

Sir-Petermann et al. (75) reported that the frequency of Arg972 alleles of the
Gly972Arg polymorphism of IRS-1 was increased in patients with PCOS in the Chilean
population. On the contrary, El Mkadem et al. (76) did not find any difference between
patients with PCOS and controls in the distribution of IRS-1 Gly972Arg and IRS-2
Gly1057Asp alleles in Caucasian women of European extraction. However, the following
polymorphisms influenced glucose homeostasis:

1. IRS-1 Arg972 alleles were more prevalent in insulin-resistant compared to noninsulin
resistant patients with PCOS or to control subjects (76) and carriers of these alleles
presented with increased fasting insulin levels and increased insulin resistance measured
by homeostasis model assessment (HOMA-IR), compared to subjects homozygous for
the wild-type alleles (76).

2. Carriers of IRS-2 Aspl057 alleles presented with increased 2-hour glucose and insulin
levels during an oral glucose tolerance test (OGTT) (76).

3. HOMA-IR was higher in carriers of both /RS-/ and IRS-2 variants than in those with
IRS-2 mutations only or those carrying the wild-type alleles (76).

More recently, Ehrmann et al. (77) found that nondiabetic subjects carrying one or two
Aspl057 alleles of IRS-2 had significantly lower 2-hour OGTT glucose levels compared
to those homozygous for Gly1057 alleles, a study involving 227 nondiabetic white and
African-American patients with PCOS (77), in sharp contrast with the results of EI
Mkadem et al. (76).

Our results in Spaniards (78), confirm that these polymorphism in /RS-/ and IRS-2
are equally distributed among patients with PCOS and controls. However, considering
control subjects and patients with PCOS as a whole, IRS-1 Arg972 carriers presented
with increased fasting insulin levels and HOMA-IR compared to subjects homozygous
for Gly972 alleles, whereas subjects homozygous for the Gly1057 allele of IRS-2
presented with increased glucose levels during an OGTT compared to carriers of one or
two Asp1057 alleles. Therefore, the Gly972Arg in IRS-1 and Gly1057Asp in IRS-2
polymorphisms influence glucose homeostasis in premenopausal women, yet this
influence is not specific of PCOS.

Insulin-Like Growth Factor System

San Millan et al. (79) recently found an association of PCOS with homozygosity
for G alleles of the Apal polymorphism in the gene encoding insulin-like growth
factor (IGF)-2, but not with a dinucleotide polymorphism in the /GF-1 gene, a tri-
nucleotide polymorphism in the IGF-1 receptor gene or the ACAA-insertion/deletion
polymorphism at the 3’ nontranslated region of the IGF-2 receptor gene, previously
described (80-82).

Considering that IGF-2 stimulates adrenal (83,84) and ovarian (85) androgen secretion,
the increased frequency of homozygosity for these alleles might contribute to hyper-
androgenism in some patients with PCOS, assuming that G alleles may increase IGF-2
expression at the ovary, as reported for other tissues: G alleles of the Apal polymorphism
in IGF-2 have been described to increase IGF-2 mRNA in leukocytes compared with A
alleles (86) and possibly result in increased liver IGF-2 expression and secretion (87).
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We also found that, compared to subjects carrying 93-bp alleles, subjects homozygous
for 90-bp alleles of a trinucleotide repeat polymorphism in the gene encoding IGF-1
receptor had increased fasting glucose levels and fasting insulin resistance index, but
IGF-1 receptor genotypes were not associated with PCOS (79).

Peroxisome Proliferator-Activated Receptor-y2

Because of the improvement of insulin sensitivity, hyperandrogenism and ovulation
in women with PCOS after activation of peroxisome proliferator-activated receptor
(PPAR)-y2 by administrated thiazolidinediones (88-92), the PPAR-y2 gene has been
extensively studied in PCOS. With the exception of a single report of a marginally signi-
ficant decrease in the frequency of Alal2 alleles of the Prol2Ala polymorphism in
women with polycystic ovaries from Finland (93), no association of this polymorphism
has been found either in family-based or case—control PCOS studies (68,79,94).
However, this polymorphism appears to be playing just a modifying role on the PCOS
phenotype, as it is shown in non-hyperandrogenic subjects. Alal2 alleles of PPAR-Y2
gene may favor weight gain in obese adults (95) and in obese hyperandrogenic girls
and adolescents (96). On the other hand, Alal2 alleles preserve insulin sensitivity in
Caucasian men (97) and Caucasian patients with PCOS (98-100). Therefore, these
effects do not appear to be specific for PCOS.

More recently, a silent C to T substitution at position 142 in exon 6 has been explored
in patients with PCOS, with T alleles being more frequent in women with PCOS
compared to nonhyperandrogenic controls (94). This silent polymorphism is not in
linkage disequilibrium with the Pro12Ala polymorphism, yet the possibility of an asso-
ciation with other unknown genomic variants of PPAR-Y2 gene has not yet been
explored (94) and its precise functional role remains to be established.

Paraoxonase

Oxidative stress may impair insulin action (/01). A higher oxidative stress has
been found in patients with PCOS (/02), possibly related to a decrease in serum PON1
activity (103). We have recently explored the ~108 C/T, Leu55Met, and Gln192Arg
polymorphisms in the gene encoding serum PONT1 in patients with PCOS and found
that homozygosity for T alleles of the —108 C/T polymorphism in PONI was more
frequent in them compared to nonhyperandrogenic women (79). Accordingly, women
homozygous for —108T alleles of PONI presented with increased hirsutism scores and
androgen concentrations, compared to carriers of —108C alleles (79). Finally, in a logis-
tic regression model, homozygosity for —108T alleles of PON1 was associated with a
7.1 odds ratio of having PCOS (79).

The possible role of the —108 C/T polymorphism in the insulin resistant phenotype
of PCOS is supported by the finding that this polymorphism is responsible of approx
23% of PON1-expression levels in some cell systems, in which —108TT constructs
showed reduced PON1 expression compared to —108CC constructs (/04).

Regarding the other polymorphisms of the PONI gene, homozygosity of Met55
alleles was associated with increased body mass index (BMI) and indexes of insulin
resistance, yet the LeuS5Met and Gln192Arg polymorphisms were not associated with
PCOS (79).
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Human Homolog for Sorbin and SH3-Domain-Containing-1 Gene

In addition to studies in adolescents (/05), we have recently studied the
Thr228Ala polymorphism in adult patients with PCOS. Although no association was
found between Thr228Ala alleles with patients with PCOS, carriers of Ala228 alleles
of SORBSI presented with increased BMI compared to subjects homozygous for
Thr228 alleles (79), results in total agreement with a large epidemiological study
conducted in Europe (106).

Calpain-10
This enzyme is a cysteine protease that may play a role in insulin secretion and
action (107). Several polymorphisms in the gene encoding calpain-10, may increase the
risk for diabetes (108), PCOS (109-111) and idiopathic hirsutism (//2) in certain
populations, but not in others (/13). However, the physiological roles of calpain-10

remain mostly unknown, and the actual importance of these associations remains to
be established.

Adiponectin

This is an adipocyte-derived antidiabetic hormone that regulates glucose metabolism
favoring insulin sensitivity. Two polymorphisms in the adiponectin gene, 45 T/G and
276 G/T, have been studied in PCOS (79,114,115). It appears that no clear association
of neither polymorphism with this syndrome exists (79,115), although these genomic
variants might influence insulin resistance and adiposity in patients with PCOS (115).

Genes Encoding for Other Molecules Related to Insulin Resistance
and Associated Disorders

No association of PCOS to genomic variants in genes encoding glycogen synthetase
(116), resistin (117,118), leptin and its receptor (/19), apoprotein E (120), or to
variants in the genes of plasma cell differentiation antigen glycoprotein and protein
tyrosine phosphatase 1B (79) has been reported.

THE ASSOCIATION OF INSULIN RESISTANCE AND PCOS
FROM AN EVOLUTIONARY PERSPECTIVE

Aside from the obvious association that arises from the fact that hyperinsulinemia of
any cause—including that resulting from insulin resistance—may facilitate androgen
excess and PCOS, insulin resistance and PCOS might also have been selected during
evolution in concomitance in order to favor survival during times of environmental stress.

During ages the human race has suffered prolonged periods of food shortage,
infections and continuous trauma, and gestation and birth were the most common cause
of maternal and infant morbidity and mortality. In such an unfriendly environment,
hyperandrogenism might favor survival because androgen excess caused an assertive
behavior and resulted in a relative infertility in affected women, decreasing birth rate
and increasing the interval between pregnancies, thereby favoring both maternal and
infant survival. Insulin resistance, on the other hand, favored survival by inducing a
thrifty shift of intermediate metabolism to provide the brain with enough glucose for



Chapter 5 / Insulin Resistance Genes in PCOS 59

its adequate functioning and also contributed to weight gain and increased fuel storage
in fat tissue in the rare periods in which food was available.

Although insulin resistance and PCOS might have favored the survival of our ances-
tors, nowadays access to food is no more restricted in most Western countries, where
we seldom exercise, and our life expectancy has increased markedly because of the
improvement of public hygiene and health care. In this favorable, yet actually unexpected
in terms of evolution, environment the previously beneficial mechanisms suppose a
considerable disadvantage, because hyperandrogenic and insulin resistant genotypes
facilitate the development of obesity and metabolic syndrome, leading to atherosclerosis
and cardiovascular diseases (/2/—-123). Such a hypothesis might explain the increasing
prevalence of the metabolic syndrome and associated disorders, including PCOS, in
Westernized countries, providing a unifying evolutionary hypothesis to explain the
association of PCOS with insulin resistance (Fig. 2).

CONCLUSIONS

Considering that insulin stimulates ovarian and adrenal androgen synthesis, it is not
actually surprising that any clinical situation in which circulating insulin levels are elevated
may result in development of hyperandrogenism and PCOS. Accordingly, genomic variants
that favor insulin resistance and hyperinsulinism would probably facilitate androgen
synthesis, especially in women whose androgen synthesis is primarily exaggerated.

The influence of insulin resistance and its related genomic variants on the develop-
ment of PCOS is possibly a continuous “gray scale” variable: in one of the extremes,
the primary defect in steroidogenesis is severe enough to result in PCOS without the
need of the facilitating role of hyperinsulinism, whereas in the other extreme, a mild
excess in androgen synthesis is triggered by the concurrent stimulatory effect of insulin
resistance and hyperinsulinism. Our recent report that in morbidly obese women, PCOS
may actually resolve after normalizing insulin sensitivity in response to the marked and
sustained weight loss achieved after bariatric surgery (48), an observation that comes in
sharp contrast with the fact that PCOS may also be present in lean insulin-sensitive
women, exemplifies the heterogeneity of the contributing factors of this syndrome and
especially the wide range of influence of insulin resistance in this disorder.

Therefore, instead of considering the genomic variants related to insulin resistance
as the primary genetic mechanisms underlying the development of PCOS, we should
study them as important contributors to its full development in predisposed individuals,
considering particularly the clinical and therapeutic implications of the association
between insulin resistance and PCOS. Hopefully, the exact identification of the variants
that contribute to insulin resistance in PCOS will facilitate the identification of those
patients that are selectively predisposed to a favorable response to insulin sensitizers, and
those in whom, unfortunately, these drugs would elicit no significant clinical response.

FUTURE AVENUES OF INVESTIGATION

In most, if not all, genetic studies conducted to date, PCOS controls and nonaffected
women were not controlled for the presence or absence of insulin resistance. Therefore,
both PCOS populations and nonhyperandrogenic controls recruited for these studies
comprised women with normal insulin sensitivity and others with different degrees of
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ENVIRONMENTAL FACTORS

-Obesity
-Sedentary life
-Inadequate diet
-Intrauterine insult

ETHNICITY

!

PREDISPOSING/PROTECTIVE
GENES

Genes related to Genes related to

androgen biosynthesis, insulin secretion

regulation and action and resistance
HYPERANDROGENISM

INSULIN RESISTANCE
AND GLUCOSE INTOLERANCE

Fig. 2. A unifying hypothesis for the association of hyperandrogenism and insulin resistance.
Environmental factors, influenced by ethnicity, act on a delicate balance between predisposing and
protective common genetic variants that have been selected during evolution because of previous sur-
vival advantage. The genes involved in the pathogenesis of hyperandrogenism may vary depending
on the particular environmental and/or ethnic factors that predominate in the different populations
studied, providing an explanation for the phenotypic variability of hyperandrogenic disorders.
(Modified from ref. 4. Copyright 2005, The Endocrine Society, with permission.)

insulin resistance. Because hyperinsulinemic women are more likely to develop PCOS, it
is not surprising that in many of these studies the PCOS group was more insulin resistant
compared to the control group, and that in some cases genomic variants related to insulin
resistance were more prevalent in the former. Unfortunately, these variants did not explain
why some insulin-resistant women develop PCOS, whereas other, equally insulin-resistant
women, do not.
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This selection bias has probably played a confounding role in the PCOS genetic studies
conducted to date. To find the actual genomic variants that exhibit a causative role in
PCOS, future genetic studies should compare women who, for a similar degree of insulin
resistance, do or do not present the PCOS. Similarly, the modifying role of the genomic
variants related to insulin resistance on the metabolic abnormalities associated with PCOS
would require carefully designed studies in which patients with PCOS and nonhyper-
androgenic women will be studied separately. Only by doing so will we delimitate the
precise influences of these variants to the metabolic profile of these women, and whether
these influences are specific in patients with PCOS or not. Finally, given the strong influ-
ence of diet alone or in combination with physical activity on these phenotypic variables,
every effort should be made to correctly identify these parameters, in order to avoid as
much as possible their confounding effect on these studies.

KEY POINTS

* Insulin facilitates adrenal and ovarian androgen synthesis.

* Any disorder, in which insulin levels are increased, facilitates hyperandrogenism and
PCOS, especially in women with a primary abnormality in steroidogenesis leading to
exaggerated androgen synthesis.

» Therefore, genomic variants related to insulin resistance and hyperinsulinism may be found
in association with PCOS and may influence glucose homeostasis, but it is unclear whether
these variants contribute to the hyperandrogenic phenotype of these patients or not.

* To find the genetic defects actually responsible for PCOS, future studies should compare
women who, for a similar degree of insulin resistance, present with or without PCOS.

* Similarly, studies conducted in patients with PCOS and nonhyperandrogenic women
separately, will provide unbiased evidence of the influence of genomic variants related
to insulin resistance on the metabolic abnormalities frequently found in patients with
PCOS, and whether this influence is specific of PCOS or if it is common to every woman
irrespectively of her androgenic status.

» Hopefully, the precise identification of which variants contribute to insulin resistance
in PCOS will facilitate identification of those patients that are especially predisposed to
a favorable response to insulin sensitizers.
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Summary

Hirsutism is defined as an excess of body hair in the androgen-sensitive skin regions of women.
The most important purpose for investigation is to identify patients with androgen-secreting tumors
because they require different therapy. Androgen-secreting tumors should be suspected when the
onset and the progression of hirsutism is rapid and/or when it is associated with virilization. In most
of the patients, the underlying causes are benign, such as polycystic ovary syndrome and idiopathic
hirsutism. Treatment of hirsutism depends on the patient’s expectation and the underlying cause.
Patients should be informed about the type and the duration of the therapy. The selection of the
drug(s) depends on the severity of the hirsutism, associated conditions such as menstrual irregularities,
systemic disorders such as diabetes mellitus, hypertension, and any contraindication to possible
therapeutic agent. Peripheral blockade of androgen actions at the skin by using cyproterone acetate,
spironolactone, finasteride, or flutamide, either alone or in combination with oral contraceptive pills
is an effective in the treatment of hirsutism.

Key Words: Hirsutism; anti-androgen treatment; PCOS; androgen secreting tumors.

INTRODUCTION

Hirsutism is caused by increased androgen production and/or increased sensitivity of
follicles to androgens, leading to the appearance of body hair in a male pattern. It is

particularly distressing condition for women and a common reason to seek medical

advice. Hirsutism affects 5-8% of the whole female population of fertile age, and it
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may be associated with underlying endocrine and metabolic disturbances or, more
importantly, it may be the initial manifestation of an androgen-secreting tumor (/).
Polycystic ovary syndrome (PCOS), nonclassic congenital adrenal hyperplasia
(NCAH), Cushing’s syndrome, acromegaly, and some drugs may be the underlying
causes of hirsutism, or it may be idiopathic (2). The management of hirsutism involves
a range of diagnostic and therapeutic issues, and it is essential to identify the underlying
cause of hirsutism.

DISEASES ASSOCIATED WITH HIRSUTISM

PCOS is by far the most common cause of hirsutism. It is characterized by oligo-
amenorrhea, hyperandrogenemia/hyperandrogenism, and polycystic ovarian changes;
however, diagnosing PCOS remains a matter of excluding specific disorders of the
ovaries, adrenal glands, and the pituitary gland (3). The pathogenesis of PCOS is hetero-
geneous, but insulin resistance may have a central role in most of the patients (4,5) and
in addition to insulin resistance, women with PCOS have metabolic derangements such
as impaired glucose tolerance, dyslipidemia, and cardiovascular disease.

Some hirsute patients do not have evidence of detectable androgen excess or
endocrine imbalance, as in women with “idiopathic hirsutism.” Idiopathic hirsutism is
defined as hirsutism associated with both normal circulating androgen and gonado-
tropin concentrations, regular menses, and ovulatory cycles with normal ovarian
morphology (1,2). PCOS and idiopathic hirsutism constitute the majority of the patients
with hirsutism.

In between 1 and 8% of women with hirsutism, the underlying cause of the disease
is NCAH. It results from a defect in the enzymes necessary for the biosynthesis of
cortisol and/or aldosterone (6). The clinical picture is very similar to the clinical
presentation of PCOS, and most of the patients demonstrate polycystic ovaries on
ultrasound, which are secondary to hyperandrogenemia. It has been suggested that the
most common form of NCAH is 21-hydroxylase (21-OH) deficiency (7); however, it
has been previously reported that NCAH caused by 11-f hydroxylase deficiency may
be more common in some populations (8).

A number of patients with hirsutism have hyperandrogenemia with normal ovaries
and regular cycles. These patients present different features and other disorders, such as
NCAH, androgen-secreting tumors, and Cushing’s syndrome can be easily excluded.
These patients also exhibit similar basal follicle-stimulating hormone (FSH), luteiniz-
ing hormone (LH), free testosterone, androstenedione, and dehydroepiandrosterone
sulfate (DHEAS) levels with PCOS subjects. The authors defined this group of patients
as idiopathic hyperandrogenemia (IHA) (9). Those patients may have functional ovar-
ian and/or adrenal hyperandrogenism (9,10).

Androgen-secreting tumors are very rare cause of hirsutism but should be excluded
in every patient. These tumors usually arise from the ovaries or the adrenal glands.
There is no clear-cut level of androgen concentrations for the differential diagnosis of
benign vs malignant etiologies, therefore androgen-secreting tumors should be suspected
when the onset and the progression of hirsutism is rapid and/or when it is associated
with virilization.
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Table 1
Pharmacological Agents Used in the Treatment of Hirsutism

1. Suppression of ovarian androgen production
Oral contraceptive pills
Gonadotropin-releasing hormone agonists

2. Suppression of adrenal androgen production
Glucocorticoids

3. Anti-androgens
Cyproterone acetate
Spironolactone
Drospirenone
Flutamide
Finasteride

4. Topical agents
Eflornithine

GENERAL PRINCIPLES OF THE TREATMENT
IN A HIRSUTE PATIENT

Specific causes of hirsutism, such as Cushing’s syndrome or adrenal/ovarian tumors,
should be treated by surgical excision. In the other patients, a pharmacological approach
is the mainstay of the therapy (Table 1). Patients should be informed about the type
and the duration of the therapy. Generally, at least 6 months are necessary to evaluate the
success of the medical therapy. The goal of medical therapy is at least to prolong the
intervals for removing unwanted hair. The treatment of hirsutism involves the reduction of
excessive androgen secretion and/or the blockade of androgens. In addition, mechani-
cal amelioration of the unwanted hairs may be adjunctive. The selection of the drug(s)
depends on the severity of the hirsutism, associated conditions such as menstrual irreg-
ularities, systemic disorders such as diabetes mellitus, hypertension, and any contraindi-
cation to possible therapeutic agent. Patients should be made aware that most of the
drugs used in the management of hirsutism are contraindicated if the patient desires
pregnancy and that simultaneous treatment of infertility and hirsutism is difficult. Oral
contraceptives (OCs) are commonly used drugs in the treatment of hirsutism, but they
are out of scope of this paper and so we will not discuss them in more detail. The treat-
ment of hirsutism is most effective when combination therapy used. Combination ther-
apy includes the inhibition of androgen secretion and the peripheral blockade of
androgens. In selected cases, combination of anti-androgens with different mechanisms
of action may be used. Whatever the cause of hirsutism, anti-androgen drugs play a key
role in the treament of hirsutism. In this chapter, anti-androgen drugs and their effects in
the treatment of hirsutism are described.

ANTI-ANDROGENS

The most commonly used anti-androgens are cyproterone acetate, flutamide, and
spironolactone, which act by inhibiting the binding of testosterone and dihydrotesto-
sterone (DHT) to the androgen receptor. Another anti-androgen, bicatulamide, had
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been used in a limited number of patients but there is not enough data regarding its
effect on hirsutism. The other important drug, finasteride, decreases the formation of potent
DHT by its Sa reductase inhibitor activity (Table 2). In general, hirsutism responds better
to medications that block androgen action rather than ovarian or adrenal suppression.

Cyproterone acetate (CPA) is a steroidal anti-androgen derived from 17-hydroxy-
progesterone (/). CPA is one of the most widely used drugs in the management of
hirsutism. CPA is a strong progestogen and causes a decrease in circulating testosterone
levels through a decrease in the production of LH. It also antagonizes the effect of
androgens at the peripheral level (/7). CPA may also inhibit Sa-reductase activity (12).
It has also been suggested that CPA may reduce adrenocorticotropic hormone (ACTH)
secretion from the pituitary gland and thereby reduces androgen secretion from the
adrenal glands (13). Diane 35 (which combines low-dose ethinyl estradiol with a small
but therapeutic dose of cyproterone acetate) is one of the most commonly used first-
line treatments for mild to moderate hirsutism. On the other hand, some authors recom-
mend induction therapy of ethinyl estradiol combined with high-dose CPA (50-100 mg)
followed by gradual reduction to a maintenance dose of 2 mg CPA (/4). Barth et al.
performed a dose-ranging study on the effects of CPA, which showed that patients
who underwent 2 mg/day CPA saw results of a significant reduction in clinical hair
growth scores, as did those with the addition of 20 or 100 mg/day CPA at 12 months
(15). The combination of 30-35 g ethinyl estradiol and 50-100 mg CPA was found as
more effective than 100 mg/day spironolactone; the decrease in the Ferriman-Gallwey
(F-G) score was 60 and 44%, respectively (16). In another study, the combination of
ethynil estradiol and 2 mg/day CPA 21 days per month was found as significantly effec-
tive, and there was a remarkable improvement in 90% of hirsute patients; however,
relapse occurred in 80% of these patients after the stopping of treatment at 6 months
(17). Pazos et al. compared the long-acting gonadotropin-releasing hormone agonist
triptorelin, flutamide, and CPA combined with an OC in the treatment of hirsutism and
found that CPA was as effective as the other drugs at a lower cost (18). CPA may cause
headache, weight gain, breast tenderness, nausea, loss of libido, edema, hepatotoxicity,
fatigue, and mood changes and its use is associated with the risk of feminizing a male
fetus, and for this reason, adequate contraception should be used (11,19). It has been
demonstrated that the use of CPA/ethinyl estradiol in women with acne, hirsutism, or
PCOS is associated with an increased risk of venous tromboembolism, although resid-
ual confounding by indication cannot be excluded (20). If the patient who is on CPA
wishes to become pregnant, CPA should be stopped at least two cycles before the
pregnancy to avoid the risk of feminizing a male fetus.

Spironolactone, a potassium-sparing agent, is a competitive inhibitor of aldosterone
and has antiandrogenic effects by binding to the androgen receptors, thereby inhibiting
testosterone from binding to its receptors. Spironolactone also increases the metabolic
clearance of testosterone and inhibits the production of androgen by inhibiting
cytochrome P450. Spironolactone inhibits the interaction of DHT with its intracellular
androgen receptor (2/). It was found that spironolactone and CPA were similarly effective,
but spironolactone was more effective than finasteride in the treatment of hirsutism
(22,23). Zulian et al. investigated the long-term effects of 100 mg/day of spirono-
lactone on clinical features, lipid profile, and insulin levels in women with PCOS. They
found that 12 months of treatment with spironolactone had no negative effects on
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Table 2
Mechanisms of Actions of the Commonly Used Anti-Androgens

Androgen Clearance  Effect So-

receptor of on LH  Glucorticoid Reductase Progestogenic

blockade androgens secretion activity activity activity
Cyproteronee + + + + - +

acetate

Spironolactone + + - - - +
Drospirenone + + + - - -
Flutamide + - - - - -
Finasteride - - - - + -

lipoprotein profile and glucose metabolism. They also reported that spironolactone
seemed to exert a direct effect on the increase of high-density lipoprotein cholesterol
independenly from weight loss and diet (24). Spironolactone is a safe drug and its tole-
rabilty is good. It has potentially mild side effects such as breast tenderness and
enlarged breasts, transient diuresis, dizziness, headache, hyperkalemia (which would
not occur in patients with normal kidney function), gastrointestinal discomfort, nausea,
allergic reactions, fatigue, somnolance, vertigo, polyuria, and polydipsia, particularly
in the first days of treatment (25). Side effects can be prevented or minimized by
increasing the doses of the drug gradually. Spironolactone is commonly used in doses of
100 mg/day and, rarely, 200 mg/day. The most common side effect of spironolactone is
polymenorrhea and its frequency has been reported as 50-60% (26,27). Addition of an
OC to spironolactone improves irregular menstrual bleeding. At least theoretically,
there is a risk of feminizing a male fetus if pregnancy occurs during spironolactone
treatment. A Diane 35 plus spironolactone (100 mg) combination was compared in 50
women with hirsutism. Hirsutism scores were significantly decreased at the end of
therapy in both groups, but the percentage change in the hirsutism score at 12 months
was higher in the Diane 35 plus spironolactone group. Therefore, the addition of
spironolactone to Diane 35 may have a synergistic effect on hirsutism score (28).

A new progestin derived from 170-spironolactone, drospirenone (DRSP), shares
progesterone’s anti-androgenic and antimineralocorticoid properties with no androgenic,
estrogenic, glucocorticoid, or antiglucocorticoid activity. DSRP has been demonstrated
to display anti-androgenic activity at the peripheral level by competetive binding to the
androgen receptor that is intrinsic to its molecular structure. The blockade of androgen
receptors in the skin represents an additional mechanism when combined with ethinyl
estradiol. In addition to blocking androgen receptors, drospirenone inhibits ovarian
androgen production (29).

Finasteride, which is a So-reductase inhibitor blocks the conversion of testosterone
to the more potent DHT. It does not bind to the androgen receptor, but rather binds to
the So-reductase enzyme and interferes with its action. Therefore, it has no effect on
androgen secretion. Finasteride treatment results in reduction in the DHT level, which
is accompanied by a reduction in metabolites of DHT, such as 3a-diol glucuronide
and a rise in plasma testosterone levels. So-Reductase has two isoenzymes, including
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So-reductase type 2, which is found predominantly in genital skin and the prostate in
the male, and 5o.-reductase type 1, which is found in the scalp, pubic skin, and non-sex
skin. Finasteride is more effective against isoenzyme So-reductase type 2 than type 1,
but the specificity for these two isoenzymes is incomplete (30). In a study of 12 months,
5 mg/day of finasteride induced a statistically significant decrease in hirsutism score
(31). In another similar study, 2.5 mg/day of finasteride was given instead of 5 mg/day
of finasteride, and it was also found effective in the treatment of hirsutism (32). Low-
(2.5 mg/day) and high-dose (5 mg/day) finasteride have been compared in hirsute
patients to investigate whether low-dose finasteride can be used instead of high-dose
finasteride, and both low- and high-dose finasteride have been found similarly effective
in the treatment of hirsutism. Because of cost-effectiveness, low-dose finasteride may
be used instead of high-dose finasteride (33). Neither low- nor high-dose finasteride in
those studies changed FSH, LH, testosterone, androstenedione, sex hormone-binding
globulin (SHBG), 17-hydroxyprogesterone, or DHEAS levels. Because finasteride may
cause feminization, pregnancy should be avoided in women taking finasteride. Moghetti
et al. compared the effectiveness of finasteride, spironolactone, and flutamide in a
randomized, double-blind, placebo-controlled study lasting 6 months and they found
that all three drugs had similarly reduced hair diameter and F-G score compared with
the placebo group (26). Finasteride is a very safe drug and its very low side profile
makes it a good therapeutic choice. However, its effectiveness is lower than the other
antiandrogens. In a study of 12 months, Sahin et al. (34) compared the clinical efficacy
and safety of the combination of Diane 35 (2 mg of CPA and 35 mg of ethinyl estra-
diol) plus finasteride (5 mg) and Diane 35 alone in the treatment of hirsutism. The
percentage decrease in the hirsutism score at 12 months was higher in the Diane 35
plus finasteride group than in the Diane 35 group. The study included 40 unselected
hirsute women with idiopathic hirsutism and PCOS. In this combination, three drugs
(CPA, estrogen, and finasteride) with different mechanisms of action were adminis-
tered. Diane 35 plus finasteride has been proposed as an effective and safe combination
in the treatment of hirsutism (34). It has been shown that the combination of spirono-
lactone and finasteride may be used without any increased side effects (27).
Spironolactone was found better than metformin in the treatment of hirsutism in women
with PCOS (35). In a prospective study the efficacy of Diane 35 alone, Diane 35 plus
spironolactone, and spironolactone alone were compared in women with hirsutism, and
all treatment regimens were found to be effective and well tolerated (36). Lumachi et
al. compared the effectiveness of CPA (12.5 mg for the first 10 days of the cycle), finas-
teride (5 mg/day), and spironolactone (100 mg/day) in the treatment of idiopathic
hirsutism in a prospective study of 12 months. Hirsutism was evaluated by F-G scoring.
The androgenic profile did not change significantly during treatment. They have found
that the short-term results of treatment with CPA, finasteride, and spironolactone were
similar, but spironolactone was more effective for a longer time (37).

Flutamide, which is a nonsteroidal selective anti-androgen, has been commonly used
in the treatment of hirsutism, and it has no progestogenic, glucocorticoid, androgenic,
estrogenic, or antigonadotropic action. It seems that flutamide works only at the andro-
gen receptor. It is an inhibitor of testosterone binding to its receptor. Erenus et al. found
that 500 mg/day of flutamide (250 mg twice a day) is similarly effective to 100 mg/day
spironolactone in women with idiopathic hirsutism (38). In a study of 12 months that
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included the hirsute women with PCOS and idiopathic hirsutism, the effectiveness of
flutamide (250 mg twice a day) and finasteride (5 mg/day) were compared, and flu-
tamide was found more effective (39). Flutamide did not modify the hormonal profile
in that study. Only two (3.6%) of the patients in flutamide group had abnormal transami-
nase levels after 6 months of treatment and 67.3% of the patients had dry skin. Cesur et al.
also demonstrated the effectiveness of 500 mg/day of flutamide in the treatment of hir-
sutism (40). In a study including the women with PCOS, flutamide was found to be
effective in the treatment of hirsutism, and hormonal investigation showed a significant
reduction in both total and free testosterone, androstenadione, and DHEAS levels only
in women with PCOS; SHBG levels were increased in women with PCOS (41). Ibanez
et al. treated 18 non-obese adolescent girls with 250 mg/day of flutamide and found
that significant decrease in hirsutism score was associated with significant decrease in
free androgen index, free testosterone, testosterone, androstenedione, and DHEAS levels,
and increase in SHBG levels (42). Because of its potentially life-threatening side effects,
relatively high-dose flutamide has not been widely used. Lower doses of flutamide,
including 250 mg/day, 125 mg/day, and 62.5 mg/day in place of 500 mg/day, were equally
effective in the treatment of hirsutism (43—45). The low or ultra-low doses of flutamide
(62.5-250 mg/day) have been shown to be as effective in the treatment of hirsutism,
particularly when combined with metformin plus an OC pill, and were found to confer
benefit on multiple PCOS markers, such as interleukin-6, adiponectin, and abdominal and
total fat mass without any hepatotoxicity (46). The most serious side effect of flutamide
is liver toxicity, with an estimated frequency ranging from 0.36 to 5% . Fatal or non-fatal
hepatotoxicity is a well-known side effect of flutamide. Liver function tests should be
monitored regularly during the treatment period. It may be used in hirsute women when
the other drugs fail to improve the hirsutism. The most common side effects of flutamide
are increased appetite and dry skin, but it does not result in irregular menses.

A relatively uncommon problem is andogenic alopecia in some patients with hyper-
androgenemia. Although isolated cases may be seen, in most of the patients it is
associated with PCOS. Androgenic alopecia is also a therapeutic target for the anti-
androgenic drugs. Finasteride may be a good alternative for the treatment and, actually,
a 1-mg dose of finasteride has been used for male pattern baldness.

One of the most important issues in the treatment of hirsutism is the duration of remis-
sion after the treatment has been stopped, and studies addressing this subject are limited.
Carmina and Lobo investigated the effectiveness of the addition of dexamethasone to
antiandrogen therapy and they found that dexamethasone (0.37 mg/day) plus spironolactone
(100 mg/day) for 1 year or dexamethasone (0.37 mg/day) plus spironolactone (100 mg/day)
for 2 years were more effective than spironolactone alone in terms of the duration of remis-
sion (47). In some patients, lifelong therapy may be necessary to prevent recurrences. One
of the debated subjects is the timing of the treatment. It is reasonable that physicians should
start anti-androgen therapy earlier in order to prevent worsening of hirsutism.

CONCLUSION

Hirsutism is a very common clinical problem during reproductive age and is also an
associated psychological disturbance. Hirsutism is the result of either androgen excess
caused by ovarian and/or adrenal disorders, increased sensitivity of the hair follicle to
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normal levels of androgens, or their combinations. On the other hand, it may also be a
cutaneous sign of a systemic disorder. The underlying cause should be clarified before
the treatment has been started. Treatment of hirsutism should be individualized and
depends on the patients expectations and underlying cause. Anti-androgens may be
combined with OCs or each other. The anti-androgen plus OC combination is a good
choice for both to treat the hirsutism effectively and prevent pregnancy. Therefore,
anti-androgen plus OC combination should be administered to women who are sexu-
ally active. If the patient desires pregnancy and discontinues the OC, anti-androgen
therapy should be stopped in order to prevent feminization of the male fetus. Although
there are some data, long-term safety of anti-androgen drugs in the treatment of hir-
sutism, the duration of the treatment, prevention of the recurrence, the effectiveness of
the low-dose anti-androgens, and the effectiveness of the different anti-androgen com-
binations remains to be investigated. One of the most difficult questions is related to
the duration of the study. The causes of hyperandrogenism are commonly ovarian
and/or adrenal in origin, so permanent removal of the sources of hyperandrogenism is
not usually the best course of action. For this reason, treatment of hirsutism may be
long-term, and a logical approach is to decrease the dose of anti-androgens once an
acceptable level of improvement is obtained.

FUTURE AVENUES OF INVESTIGATION

Most of the treatment strategies in hirsutism are symptomatic and the treatment
should be directed at the cause of the problem. In this regard, clinical and experimental
studies have been published for identifying the pathophysiological mechanisms of
hirsutism, particularly in women with PCOS, and it has been shown that insulin resist-
ance has a significant role. On the other hand, treatment with insulin sensitizers showed
very limited effect or was ineffective in treating the hirsutism. Women with idiopathic
hirsutism are another group of patients. The mechanisms of the disease are not clearly
known, but our studies and experience suggest that, although those patients had normal
serum androgen levels, they are hyperandrogenic at the tissue level. By establishing the
pathogenetic mechanisms underlying the causes of hirsutism, new therapeutic strategies
may play an important role in offering more effective therapies.

KEY POINTS

 Apart from patients with ovarian or adrenal androgen-secreting tumors, the clinical
picture is very similar among patients with other causes.

* Because the treatment of androgen-secreting malignant tumors are absolutely different,
it should be excluded in every patient with hirsutism.

» Most of the treatment strategies in hirsutism are symptomatic. Oral contraceptive pills
and anti-androgen drugs either alone or combined may be given. Weight loss should be
encouraged in obese women.
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Summary

Polycystic ovary syndrome (PCOS) is a complex reproductive disorder with the consequent
clinical and metabolic derangements. In the natural disease course, an increased cardiovascular risk
has to be anticipated in a metabolically unstable condition.

Among risk factors, dyslipidemia is certainly the most persistent with high prevalence. Consequently,
it is reasonable to conclude that women with PCOS may indeed be at significantly increased risk for
developing coronary heart disease. The effect of aging on the pattern of dyslipidemia in PCOS, with
increase of total cholesterol and low-density lipoprotein (LDL)-cholesterol, is causing almost stable
cardiovascular risk over a lifetime. Predominant observation of the most studies in women with
PCOS was an elevation of LDL-cholesterol in both lean and obese patients. Decreased concentra-
tions of total high-density lipoprotein (HDL) was found in obese patients with PCOS from the third
decade of life onward, whereas triglycerides start to rise from the second decade of life in both
younger and older subgroups. Prevalence of metabolic syndrome was 43-46% in women with
PCOS, with lipid abnormalities as the most frequent component of the syndrome.

Women with PCOS have 7.4-fold relative risk for myocardial infarction. Different surrogate
tools could be of clinical importance in evaluation of the cardiovascular derangement. Therapeutic
interventions, including dietary regiments and exercise, led to amelioration of dyslipidemia, whereas
some therapeutic agents, such as metformin, troglitazone, and antiobesity drugs as adjuvant therapy,
did not succeed in improvement of the lipid profile. Novel intervention modalities with confirmation
in longitudinal studies are needed in prospect for more specific and efficacious amelioration of lipid
profile in women with PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is today acknowledged by many investigators to
be the most common endocrine disorder among women of reproductive age and the
major cause of anovulatory infertility (/). Reproductive consequences of PCOS have
been recognized for several decades, although in the last two decades, an increasing
number of studies demonstrated an association between the syndrome and a character-
istic metabolic disorder. That, in turn, has led to concern about the effect of PCOS on
long-term health, particularly with regard to diabetes and coronary heart disease.

The central features of the metabolic disturbance are peripheral insulin resistance
and hyperinsulinemia, with the evidence of causative abnormalities in both insulin
action and pancreatic B-cell function (2). These metabolic features, together with cen-
tripetal fat distribution, constitute a cluster of risk factors for cardiovascular disease and
have been a major concern in considering the long-term management of patients with
PCOS. The finding of disturbances in lipid and lipoprotein metabolism is fairly common
in women with PCOS. However, interpreting the relevance of these abnormalities in
terms of cardiovascular risk is not easy. First, there are inconsistencies among studies
in the features of the dyslipidemia. Second, it is not yet clear how the combined risk
factors translate into a real risk of developing cardiovascular disease (3).

Therefore, it is necessary to address both physiological issues of the metabolism of
lipoproteins and their specificities between the sexes at the onset of reproductive period
and in further life, and the specific pattern of the lipid metabolism in PCOS, as the
most common disorder of the female reproductive period. As previously mentioned, the
role of lipids in the possible early atherosclerosis in PCOS is still controversial issue.

METABOLISM OF LIPOPROTEINS

Lipoproteins are macromolecular aggregates of lipids and apolipoproteins. Lipids
can be divided into two main groups: simple and complex. The two most important
simple lipids are cholesterol and fatty acids. Lipids become complex lipids when fatty
acids undergo esterification to produce esters (4,5).

Simple Lipids
Cholesterol is a soft waxy substance present in all cells of the body. Cholesterol is
synthesized primarily in the liver and small intestine. Fatty acids are the simplest form
of lipid found in the body and are an important energy source. They are present as satu-
rated, monounsaturated, and polyunsaturated forms. Fatty acids exist freely in the plasma
mostly bound to albumin, and could be stored in adipose tissue as triglycerides (4).

Complex Lipids

Triglycerides are mainly stored in adipose tissue and are the main lipid currency of
the body. Phospholipids are glycerol esters being an important component of the cell
membrane (4).

Apolipoproteins
In order for the water-insoluble lipids to be transported around the body in the aqueous
medium (blood), they are aggregated with apolipoproteins to form lipoproteins. These
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multimolecular packages consist of a hydrophobic core containing cholesteryl esters
and triglyceride, surrounded by a hydrophilic surface layer of phospholipids, proteins,
and some free cholesterol. Although structurally similar, lipoproteins vary in their
proportions of component molecules and the type of proteins present (4).

TYPES OF LIPOPROTEINS

There are four types of lipoprotein particles. Chylomicrons and very low-density
lipoproteins (VLDL) are the two triglyceride-rich lipoproteins, whereas low-density
lipoprotein (LDL) and high-density lipoprotein (HDL) are the two cholesterol-rich
lipoproteins.

Chylomicrons are the largest in size, lowest in density, and are not associated with
atherosclerosis. They transport dietary triglyceride from the intestine to the sites of use
and storage, and are cleared rapidly from the bloodstream (4). Each chylomicron also
contains many different apolipoproteins, including one molecule of Apo-B45 and others,
such as Apo-E and Apo-CIL

VLDL particles are similar in structure to chylomicrons but are smaller. They are
produced in the liver and are the main carriers of endogenous triglycerides and choles-
terol to sites for use or storage. As the triglycerides are removed, the VLDL remnants
continue to circulate as LDL particles. Thus, VLDL are implicated in atherosclerosis
development (4).

LDL particles are the principal lipoproteins involved in atherosclerosis. Oxidized
LDL (OxLDL) is the most atherogenic form of LDL. They are the main carriers of cho-
lesterol—as cholesteryl ester or free cholesterol —accounting for 60-70% of plasma
cholesterol. Thus, the concentration of LDL-cholesterol provides a good estimate of
the total concentration of serum cholesterol. LDL particles are remnants of VLDL
particles, but they contain only a single apolipoprotein, Apo-B100 (4,5).

LDL-cholesterol has been shown to be strongly associated with the development of
atherosclerosis and the risk of coronary heart disease (CHD) events in patients with
established CHD (history of angina pectoris, myocardial infarction, and so on) and in
those without CHD. This applies to women as well as men, but in women, the general
level of CHD risk is lower (6). A 10% increase in LDL-cholesterol is associated with
an approx 20% increase in risk for CHD (4).

Most of the cholesterol present in plasma is found in LDL particles. LDL particles
vary in size depending of the amount of cholesterol they contain. The smaller particles
contain fewer lipids per particle and, hence, are denser than the larger particles. Smaller,
denser LDL are more atherogenic than larger, buoyant particles (4,5).

HDL particles are the smallest but most abundant of the lipoproteins, and contain
almost one-quarter of serum cholesterol. They do not cause atherosclerosis, but actu-
ally protect against its development. This is because they return about 20-30% of cho-
lesterol in the blood to the liver from peripheral tissue for excretion (reverse cholesterol
transport). They also inhibit the oxidation of LDL and they decrease the attraction of
macrophages to the artery wall. HDL particles also contain apolipoproteins, including
apolipoprotein (Apo)-Al (7).

There is a strong inverse association between plasma HDL-cholesterol and the risk
of CHD. This has been shown in both patients with CHD and asymptomatic subjects,
in men and women, and is independent of LDL-cholesterol and other risk factors.
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The lower the HDL-cholesterol level, the higher the risk for CHD; a low level
(<40 mg/dL, 1.0 mmol/L) increases risk and a higher level (=60 mg/dL, 1.6 mmol/L)
considered a decreased risk (5). Concentrations of HDL-cholesterol tend to be low
when triglycerides are high. It is thought that the HDL-cholesterol goal should be
higher for women than that for men. Apo-Al is the major apolipoprotein in HDL and an
elevated Apo-Al is linked to reduced risk for cardiovascular disease (CVD) (7).

Controversy exists whether hypertriglyceridaemia is associated with increased risk
of CVD events. However, the association is not as strong as that of LDL-cholesterol,
and becomes much weaker when other risk factors are taken into account. The link
between triglycerides and increased CVD risk is complex. It may reflect the athero-
genic effects of the triglyceride-rich lipoproteins themselves, particularly the smaller
particles. It may also mark the presence of other atherogenic risks, such as low levels of
HDL, the presence of small dense LDL particles, and the presence of the metabolic
syndrome (MS) (5,7). In fasting plasma, triglycerides are transported in VLDL synthe-
sised in the liver, and after meals are also found in chylomicrons. Catabolism of these
triglyceride-rich lipoproteins produces remnant lipoproteins that have atherogenic
potential.

APOLIPOPROTEINS

Apolipoproteins are the protein constituents of lipoproteins. There are eight broad
groups of apolipoproteins that have currently been identified. These are designated
Apo-A to F, Apo-H, and Apo-J.

Each VLDL and LDL particle contains one molecule of apolipoprotein-B100 (Apo-B),
whereas each chylomicron particle contains one molecule of Apo-B40. Because there
is one Apo-B molecule per particle, the level of Apo-B gives a good estimate of LDL
particle number and is an important marker for atherosclerosis. Apo-Al is the major
apolipoprotein in HDL and is linked to reduced CVD risk (4,7).

LIPID CHANGES DURING LIFE

Determinants of Dyslipidemia in the Young

Clinical and epidemiological studies, such as the Framingham Study (§), demon-
strated 40 years ago that the probability of a person developing coronary artery disease
(CAD), stroke, or peripheral arterial disease could be predicted years in advance by
measuring a few individual characteristics that became known as risk factors. Among
few conditions associated with higher risk of disease, high total serum cholesterol
concentration, high LDL-cholesterol level, and low HDL-cholesterol level are
undoubtedly forming the core of CVD risk (9). It is known that the existence of the
familial hypercholesterolemia characterized by elevated levels of total cholesterol and
LDL-cholesterol from birth onward is caused by mutations in LDL receptor genes
(10). LDL-cholesterol levels vary between children with familial hypercholes-
terolemia, partly as a result polymorphisms in the Apo € gene. In particular, the €4
allele is associated with higher, and the €2 with lower, total cholesterol and LDL-cholesterol
levels (11). This early association strongly predisposes the early initiation of athero-
genesis and premature CVD. Therefore, together with regulation of hypertension,
reduction of LDL-cholesterol levels became a part of the major strategy for prevention
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of CAD, decreasing the probability of clinical disease manifestations in middle age
and later (12).

From the 1970s onward, a number of epidemiological surveys of children showed
that, although the average plasma cholesterol and blood pressure levels were lower in
children than in adults, a wide range of these indices existed (/3), influencing the
attempts to control these risk factors. At that time, it was not known whether these
variables were associated with the progression of atherosclerosis early in life (14).

In recent years, attempts were made to answer the questions of the possible influence
of gender, age, ethnic, or geographical distribution on various lipids and their possible
causative development of CVD. Meta-analysis of the worldwide investigations on lipids
and lipoproteins distribution in young age confirmed variations in different observed
indices (15).

The overall curve of cholesterol during life indicates a type of curvilinear pattern: a
preadolescent peak and then a slightly inverse change are observed for both boys and
girls from 3 to 12 years old being almost coincident absolute values. Beyond age 12,
values for boys continue to slightly decrease to age 16, whereas for girls, they tend to
increase through this age range. The curve in the late teens (16-18 years) tends to reach
preteen levels for both sexes, although girls have consistently higher absolute values
than boys. This pattern might reflect differences in growth and physical maturation by
sex (15).

Ethnic comparisons show higher mean values of total cholesterol in Caucasians and
North American blacks than in Asians, North American Indians, and African blacks. It
is interesting, however, how Asians and North American Indians reach similar values to
black and white Americans at the end of childhood. This fact might reflect an adapta-
tion of these adolescents to a universal lifestyle, even if they come from populations
with different cultures (15).

Geographical distribution suggests consistent differences between Northern
European and Mediterranean countries, except for Greece, where total cholesterol
levels are clearly higher than the ones observed in Spain, Italy, or Portugal. Results
obtained for total cholesterol in children in the Athens study were explained in the light
of recent dietary habits and overall “Westernization.” These undoubted changes in
lifestyle, and their consequences over time, might have an impact on the steady increase
of the incidence of CVD in the Greek population over the last decades (16).

DEVELOPMENT OF EARLY STAGES OF ATHEROSCLEROSIS

It was previously shown that atherosclerosis begins in childhood, with deposits of
cholesterol and its esters in macrophages of the intima of large muscular and elastic
arteries forming early lesions called fatty streaks that are, themselves, innocuous. In
metabolically susceptible persons, lipids continue to accumulate, becoming extracellular,
and together with changes in macrophages, smooth muscle, and connective tissue, pro-
liferate toward forming a fibrous plaque or raised lesion further leading to the occlusion
of the arterial vessel (17).

High serum VLDL associated with high LDL-cholesterol, low HDL-cholesterol,
hypertension, and hyperglycemia are associated with more rapid progression of athero-
sclerosis from fatty streaks to raised lesion. This transformation begins in high-risk
persons in their early 20s, and the process accelerates at about 25 years of age, leading
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to the well-established raised lesions in their 30s. The extent of raised lesions increases
with age in both men and women. Women lag behind men by about 5 years, and by age
30-34 years, have about half the extent of raised lesions. This sex difference cannot be
accounted for by differences in serum lipoproteins, elevated HbAlc, hypertension, or
smoking (17).

Lipid Changes in Adulthood

Whereas measurement of total cholesterol, LDL-cholesterol, and HDL-cholesterol
are recommended in most current cardiovascular screening algorithms in the general
population (18), several investigations have suggested that superior risk prediction
might be achieved by alternatively measuring Apo-B and Apo-Al (19). At the same
time, recent guidelines have emphasized the importance of non-HDL-cholesterol as a
predictor of cardiovascular risk (/8), whereas others have strongly advocated use of
specific lipid ratios, such as total cholesterol to HDL-cholesterol, LDL-cholesterol to
HDL-cholesterol, Apo-B to Apo-Al, and Apo-B to HDL-cholesterol (20). A recently
published prospective study on more than 15,000 initially healthy women in the United
States older than 45 years analyzed hazard ratios for first-ever major cardiovascular
events according to baseline levels of each lipid marker. It was shown that hazard
ratios for future cardiovascular events for those in the extreme quintiles were 1.62 for
LDL-cholesterol, 1.75 for Apo-Al, 2.08 for total cholesterol, 2.32 for HDL-cholesterol,
2.50 for Apo-B, and 2.51 for non-HDL-cholesterol, whereas hazard ratios for the lipid
ratios were 3.01 for Apo-B to Apo-Al, 3.18 for LDL-cholesterol to HDL-cholesterol,
and 3.81 for total cholesterol to HDL-cholesterol ratio. Overall, it was suggested that
the magnitude of the association was greater for Apo-B than for either total cholesterol
or LDL-cholesterol (21).

Another follow-up of initially healthy middle aged subjects indicated strong CHD
prediction based on LDL-cholesterol, HDL-cholesterol, triglycerides, and Lp(a), with
relative risks of 4.9 in men and 13.5 in women when non-lipid risk factors are included.
The same study showed that lipid concentrations were associated with greater relative
risk for CHD in women (4.7) than men (2.1). Association of triglycerides and CHD in
women persisted in analyses that included LDL-cholesterol, HDL-cholesterol and
Lp(a). Overall conclusion was that LDL-cholesterol, HDL-cholesterol, triglycerides,
and Lp(a), without additional apolipoproteins or lipid subfractions, provide substantial
CHD prediction with much higher relative risk in women than men. This study also
indicated that CHD risk is elevated for approx 40% for every millimole per liter increment
in LDL-cholesterol, and that optimal LDL values are those of less than 100 mg/dL in
both women and men (22).

An important proatherogeneric relation exists between triglycerides and LDL-
cholesterol particle size. It was confirmed both in children and adult populations that
triglyceride concentration was the strongest independent predictor of LDL particle size
and accounted for approx 33% of the variance in LDL particle size (23). In fact, small,
dense LDL has been detected even in early childhood and has been shown to be associ-
ated with obesity and/or hypertriglyceridemia (24). Gender differences in LDL particle
size, as reported in adults (diameters in females greater than those in males) may
develop with age, possibly because of the increasing influence of sex hormones after
puberty (25). Another important proatherogenic factor seems to be the lipid ratio of
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Apo-B to Apo-Al. Besides the known predictive power of Apo-Al and Apo-B when
considered alone in prediction of CHD, their ratio is strongly associated with incident
cardiovascular events independent of the non-lipid covariates typically used in global
risk prediction scores (21).

Surrogate Indices of Cardiovascular Disease

Endothelial dysfunction and increased intima-media thickness (IMT) have both been
validated as predictive for future CVD (26). Familial-hypercholesterolemic children
had a fivefold more rapid increase of carotid arterial wall IMT during childhood years
than their affected siblings. This increase led to a significant deviation in terms of IMT
values from the age of 12 years onward. LDL-cholesterol proved a strong and inde-
pendent predictor of carotid artery IMT, highlighting the pivotal role of this lipoprotein
for the development of atherosclerosis in this condition, already at a young age (27).

Arterial calcium can be detected with simple radiographic techniques, but newer,
more sophisticated techniques may be more useful in detecting and quantifying coronary
calcium. The electronbeam computed tomography calcium score has been shown to
correlate strongly with the number of segments showing 20% or greater stenosis by
angiography and with total plaque burden in autopsy (28).

Cardiac magnetic resonance (CMR) imaging of the carotid arteries is a relatively
new in vivo technique that has the ability to characterize carotid plaque. CMR imaging
also may be used to identify qualitative changes in plaque and monitor the impact of
lipid-lowering therapy on plaque size and regression (29).

Left ventricular hypertrophy may be determined by echocardiography and may predict
cardiovascular events independent of age, diabetes, smoking, or lipid profile. It was
shown that the relative risk of CVD for every increase of 50 g/m in left ventricular
mass is higher in women (1.57) than in men (1.49) (30).

Ankle-brachial index (ABI) is measured as the ratio of the systolic blood pressure in
the ankle (posterior tibial and dorsalis pedis arteries) over the systolic blood pressure in
the arm (brachial artery). Studies in patients with diabetes found that ABI cannot be reli-
ably used for the diagnosing peripheral artery disease or monitor the response to lipid-
lowering therapy. Because patients with diabetes often have increased stiffness of the
arterial wall, impaired blood flow may be present even when the ABI is normal (31).

Brachial artery reactivity testing represents a technique that could estimate release of
nitric oxide from activated endothelial cells in response to shear stress. This vasodila-
tory reaction is among the earliest physiological impairments during the development
of atherosclerosis and the time leading up to anatomic obstruction. This test may be
useful in detecting early changes in the endothelium before more obvious atherosclerotic
changes happen in younger people who are at risk of developing glucose impairment or
the MS (32).

LIPID CHANGES IN WOMEN WITH PCOS

Prevalence of Dyslipidemia in PCOS

Dyslipidemia may be the most common metabolic abnormality in PCOS, although
the type and extent of the findings have been variable. Borderline or high prevalence of
an abnormal lipid level in PCOS approaches 70% according to the National Cholesterol
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Education Program (NCEP) guidelines (33). Thus, a substantial portion of women with
PCOS may have a completely normal circulating lipid profile. In large published studies
of lipid levels in women with PCOS, mean levels of total cholesterol, LDL-cholesterol,
HDL-cholesterol, and triglycerides—for the most part—fall within normal limits as
determined by NCEP cutoffs (33,34-38).

Influence of Aging and Body Mass Index

The effect of aging on the pattern of dyslipidemia in PCOS was well analyzed in the
studies by Talbott et al. (36,39). In the first study, they included patients mostly in their
fourth decade of life (36). This study was extended with repeat lipid phenotyping in the
cohort, and changes over time have been reported in the second study (39). This sub-
sequent report showed persistent lipid abnormalities in the PCOS population. Important
observation was that the slope of increasing total cholesterol and LDL-cholesterol with
age is almost flat for the patients with PCOS, while it was increasing in controls. These
data were interpreted as an increased cardiovascular risk over a lifetime, given the pro-
longed exposure of women with PCOS from an early age to abnormal circulating lipid
values. Another alternative interpretation is that the stability of the risk profile into and
through menopause in women with PCOS may offer them a favorable risk profile
compared with the worsening levels of the control population (40). Recently, a study
on postmenopausal women in their sixth decade of life pointed out that of those who
had PCOS earlier in life, 85% had characteristic dyslipidemia of the MS (i.e., high
triglycerides and/or low HDL-cholesterol) (41).

Even younger studied populations of women with PCOS showed aggravation in
assessed cardiovascular risk factors with ageing (42), therefore confirming previous
observation. A significant increase in lipids and a positive correlation with age was
found for total cholesterol, LDL-cholesterol, triglycerides, and Apo-B at the transition
from the second to third decade of life in obese women with PCOS. Therefore, it seems
that the youngest obese population with PCOS represents a cohort with potential
cardiovascular disease in adulthood (42).

Obesity is common among women with PCOS and is affected by a variety of
factors, including genetics, physical activity, and diet. It has been estimated to affect
more than 50% of women with PCOS (43). Body fat distribution, especially an android
or centripetal fat distribution, has been independently associated with cardiovascular
mortality, being a stronger predictor than obesity alone (44). This could be a case in
women with PCOS because of the frequently present android habitus (33,36). The most
consistently reported alterations in obese compared to non-obese PCOS subgroups
included elevated triglycerides and lower HDL-cholesterol (45—47). Therefore, control-
ling for the confounder of obesity has become the standard for analysis of lipids in
women with PCOS who have parallel analyses in both obese and non-obese groups,
with more abnormal levels usually found in the obese groups (38,45,46,48).

Total Cholesterol and LDL-Cholesterol Subfractions in PCOS

Although concentrations of total cholesterol in plasma were inconsistently higher,
the predominant observation of the most studies in women with PCOS was an elevation
of LDL-cholesterol in both lean and obese patients (33,39). However, a simple quantitative
measurement of LDL concentration may be misleading because LDL do not exist as
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homogenous particles. Rather, LDL comprises several subpopulations of particles dif-
fering in lipid composition, density, size, and atherogenic potential. LDL particles that
are small and dense (LDL-III) are considered to be more atherogenic than larger buoyant
LDL species (LDL-I and LDL-II) and their presence in circulation, even in the presence
of normal LDL-cholesterol concentration, is associated with a higher incidence of CAD
(49). Study in women with PCOS found an existence of higher concentrations and
proportion of the more atherogenic LDL-III subfraction. This difference in LDL sub-
fractions occurs despite similar and normal total LDL-cholesterol concentrations,
indicating that in women with PCOS measurement of total LDL-cholesterol may not
reflect true magnitude of vascular risk (50).

Accordingly, measurement of the LDL particle size showed that women with PCOS
had smaller diameter LDL particles. Obtained correlation of LDL particle size and
decreased sex hormone-binding globulin as a marker of androgen excess, could lead to
the conclusion that androgen excess may have an early modifying effect on LDL size in
women with PCOS (51).

Besides density and particle size of LDL-cholesterol, metabolic change of LDL-
cholesterol by increased oxidation could also indicate a higher atherogenic potential of
such modified particles. An elevated level of OXLDL have been detected in patients
with CAD (52,53) establishing the role of OXLDL in the initiation and progression of
atherosclerosis. Among others, clinical predictor of elevated OxLDL levels was shown
to be female sex (52).

HDL-Cholesterol Composition in PCOS

A number of studies have demonstrated that women with PCOS had significantly
lower levels of HDL-cholesterol particles that were thought to be the strongest meta-
bolic predictor of CHD (39,45,54). In contrast, others described HDL-cholesterol
levels that were higher than normal, although this difference was not significant after
adjusting for other variables, such as body mass index (BMI) and fasting insulin (33).

Variations in HDL-cholesterol concentration have to be evaluated in the light of age
and BMI of patients, and the compositional derangements of HDL. Age distribution
showed a decreased level of total HDL to be started from the third decade of life
onward. The same tendency was found for HDL2 from the fourth decade of life (39).
This led to the conclusion that changes in HDL concentration, as with all lipid para-
meters, are time-dependent and, at the same time, accumulating during time. When
BMI was taken into consideration, only obese women with PCOS showed decreased
HDL concentrations in comparison with obese controls (48). It was suggested that PCOS
selectively reduced HDL. Hepatic lipase and phospholipids transfer protein remove
lipid from HDL, and are induced by obesity and consequent insulin resistance (37).
Therefore, obesity represents the common soil for various metabolic derangements,
including unfavorable lipid depletion of HDL.. The absence of dyslipidemia in the iean
subjects with PCOS further supports the conclusion of the majority of other studies on
the importance of obesity (34,46).

Relation to Triglycerides

As previously mentioned, elevated triglycerides represent common and fairly consis-
tent lipid disturbance in women with PCOS (39,42,45,50,55). Elevated triglycerides in
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women with PCOS compared with controls were consistently found with ageing, starting
from the second decade of life. Triglycerides were predicted in both younger and older
groups with PCOS when the multiple linear regression analyses were performed (39).
Relation of triglycerides to obesity, insulin resistance, and MS in PCOS is addressed in
the next paragraph.

There is considerable evidence suggesting that postprandial triglyceride response
has a significant role in the development of CAD. The only study that analyzed this
issue found a significant postprandial triglyceride and insulin response in patients with
the higher waist-to-hip ratio and BMI. Interestingly, the non-obese subgroup of patients
with PCOS had a higher postprandial triglyceride response than did non-obese controls,
suggesting that even in absence of obesity, intrinsic lipid abnormality could be present
in this condition (56). It was shown that extended postprandial lipemia may increase
the uptake of triglyceride-rich remnants by arterial cells, and thus increasing athero-
genic intracellular accumulation of cholesterol esters (57). The demonstration of an
amplified postprandial triglyceride response in overweight and normal-weight women
with PCOS completes the list of metabolic abnormalities in this condition, contributing
to increase the risk for CAD (56).

Prevalence of the MS in PCOS

The major components of the MS include atherogenic dyslipidemia, increased blood
pressure, elevated glucose, and a prothrombotic state. Atherogenic dyslipidemia gener-
ally manifests as elevated serum triglycerides, increased LDL particles, and decreased
HDL-cholesterol levels. There is growing evidence that each of the components of the
MS is independently atherogenic. At the same time, each of these risk factors suggests
the presence of other components of MS. It was supposed that insulin resistance at the
cellular level appears to play a pathogenic role in MS (58).

The NCEP ATP III guidelines recently confirmed by American Diabetes
Association/European Association for the Study of Diabetes Statement (59,60) define
the MS as a condition with three or more of the following abnormalities: waist circum-
ference in females greater than 88 cm, fasting serum glucose greater than 6.1 mmol/L
(>5.6 mmol/L. may be applicable), fasting serum triglycerides greater than 1.7 mmol/L,
serum HDL-cholesterol less than 1.3 mmol/L in women, and blood pressure higher
than 130/85 mmHg. Data from NHANES III survey gave the prevalence of the MS
among women in age groups 20-29 and 30-39 years of 6 and 15%, respectively (59).

Recently published studies found a prevalence of 43-46% of MS in women with
PCOS (61,62). Obtained prevalence of MS among examined women with PCOS under
age 40 was comparable to the 44% rate reported for women aged 60-69 years in the
general population. Such high prevalence of the MS in young women with PCOS is in
relation to the verified manifest increased atherosclerosis (63), and a sevenfold
increased risk of myocardial infarction (64) in these patients.

Further analyses of the data showed that majority (91%) of women with PCOS had
at least one abnormality of the MS present, 69% had two or more of the abnormalities,
whereas only 9% did not have any abnormality. Lipid abnormalities are the most fre-
quent abnormalities within the components of the MS, namely with the prevalence of
low HDL-cholesterol in 42% and elevated triglycerides in 32% of the patients with
PCOS having MS (62).
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What is the important outcome of the study of Apridonidze et al. is that higher
prevalence of the MS in women with PCOS compared with the respective US female
population persisted even when stratified by both age and BMI. It could be concluded
that obesity itself interferes with the age-related differences in the prevalence of the
MS between women with PCOS and general population. It was suggested that the
presence of PCOS by itself confers increased risk of the MS, perhaps secondary to
the intrinsic insulin resistance of PCOS. The specific type of insulin resistance in
PCOS was explained by altered visceral lipolysis, different from that observed in
visceral fat cells in the insulin resistance syndrome, and that occurs at the level
of adrenergic receptors (65).

Cardiovascular Risk in PCOS

It is known that major modifiable CVD risk factors in women with PCOS are
hypertension, dyslipidemia, obesity, diabetes, smoking, and physical inactivity. On the
other hand, non-modifiable CVD risk factors include age, gender, and family history of
premature CVD (40).

The study of Wild et al. (66) gave the prevalence of CHD and CHD risk factors in women
with history of PCOS. In spite of insignificant prevalence for overall CHD (4.7 vs 4.0%),
patients with PCOS in comparison to controls had significantly higher prevalence of high
cholesterol (30 vs 17%), obesity (26 vs 18%), diabetes (6.9 vs 3.0%), cerebrovascular
disease (3.1 vs 1.2%), and family history of CHD (47 vs 40%). On the other hand, it was
shown that women with PCOS have 7.4-fold relative risk for myocardial infarction (64).

Among cardiovascular risk factors, hypertension was occasionally noted in women
with PCOS (67), and large clinical studies of women with PCOS have reported normal
mean baseline blood pressures (33,39). Increases in blood pressure, when noted, are
usually mild and of questionable clinical significance. This may be because hypertension
is a late-developing sequelae of insulin resistance and is not found in reproductive-age
women with PCOS (67).

Dyslipidemia seems to be the most common metabolic abnormality in PCOS with
the variable extent of the findings, as it was analyzed before. As it was mentioned
previously, LDL subclasses are among important predictors of CVD (49). Small, dense
LDL particles have been associated with an increased relative risk of CAD that ranges
from three- to sevenfold (68). It was shown in women with PCOS the existence of
small-diameter LDL particles that could itself promote atherosclerosis, and contribute
to the higher risk of CVD reported in this syndrome (57).

Obesity is common among women with PCOS and is estimated to affect more than
50% of the patients, but it is suggested that this is a possible underestimation, at least
for the US population (43). Android or centripetal fat distribution has been independ-
ently associated with cardiovascular mortality and was stronger predictor than obesity
alone in women with PCOS (44).

Impaired glucose tolerance or type 2 diabetes appears to be common among women
with PCOS. It was reported a prevalence of around 10% in women with PCOS of the
reproductive age, with a further 30% with impaired glucose tolerance. A strong family
history of type 2 diabetes was found in families of women with PCOS affecting about
one-third of the first-degree relatives (69).
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SURROGATE TOOLS IN DIAGNOSIS

Functional and morphological cardiovascular changes in women with PCOS were
demonstrated using different surrogate tools.

Vascular lesions on coronary arteries had been diagnosed by coronary angiography.
It was shown that coronary calcification was more prevalent in PCOS with odds ratio
2.52. When electron beam computed tomography was used, the prevalence of coronary
artery calcification in premenopausal women with PCOS is significantly greater than
community-dwelling women (odds ratio 5.9), and is similar to that of men of comparable
age (70). Lesions on the carotid artery assessed by ultrasound measurement of IMT
showed that women with PCOS had greater IMT, leading to the increased risk of sub-
clinical atherosclerosis in their 40s (71). Talbott and collaborators in further studies
found that among patients with PCOS, 7.2% had a plaque index of three or greater
compared with 0.7% in controls (72). Among women 435 years of age or older, PCOS
cases had significantly greater mean IMT compared with controls (0.78 vs 0.7 mm),
suggesting that lifelong exposure to an adverse cardiovascular risk profile in women
with PCOS may lead to premature atherosclerosis, and that PCOS-IMT association
could be explained in part by weight and fat distribution (72). These results should be
considered because carotid change could be a potential surrogate marker for potential
CAD, and arteriosclerotic changes do not necessarily lead to more events.

Dysfunctional endothelium represents an early step in the process of atherosclerosis.
Data on the functional assessment of the endothelium are partly controversial.
Examining vascular function of the brachial artery in women with PCOS, some authors
did not find more frequent endothelial dysfunction in the brachial artery in women with
PCOS compared with healthy controls (73). However, others found on the same vascu-
lar model] that a functional defect exists in women with PCOS who have insulin resist-
ance and elevated serum endothelin-1 levels (74) in subjects that were non-hypertensive
and without overt cardiovascular disease.

Left ventricular hypertrophy have been shown to be independently associated with
an increased cardiovascular risk. Recently, it was suggested that young women with
PCOS have increased left ventricular mass and diastolic dysfunction, neither of which
is weight dependent (55). These data are in concert with the previous functional studies,
demonstrating that women with PCOS are candidates for early cardiovascular disease.

Implications for Preventive Regiments and Therapeutic Modalities

It was previously explained the relation of age and the formation of fibrous plaque
leading to further development of cardiovascular disease. The relation of the risk factors
to the increasing extent of plaque formation at about age 25 suggests that risk factor
modification should be initiated by about age 15-20 years (/7). When talking about
hyperlipidemia as the most prevalent risk factor for CVD, the age at which HMG-CoA
(3-hydroxy-3-methylglutaryl coenzyme A) reductase inhibitors (statin) therapy should
be initiated it is still unclear. The age of the youngest patients with familial hypercho-
lesterolemia in the studies assessing trials with statins varied from 4 to 10 years, which
indicates that patients can be treated safely from an age of 10 years onward (75).

Reduction of unfavorable lipid profile in women with PCOS was analyzed through
various preventive and therapeutic trials. In adult women with PCOS, even modest weight
loss of less than 10% of initial body weight has been shown to reduce hyperlipidemia
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among other followed clinical and biochemical parameters (76). However, apart from the
assessment of the efficacy of dietary or exercise regiments in women with PCOS with lipid
derangements, there are no literature data concerning therapeutic or preventive use of any
antilipemic drugs for the treatment of dyslipidemic states in this potential CVD risk group.

Metformin, an insulin-senzitizing agent, is one of the most investigated drugs in
women with PCOS with the aim to examine possible effectiveness in improving clinical
and biochemical features of the syndrome. Recent meta-analysis on the overall benefits of
metformin in PCOS found the positive effect on reduction of fasting insulin, ovulation,
and pregnancy rates. When the effect on lipids was assessed, total cholesterol showed no
evidence of a significant decrease on therapy with metformin, but LDL cholesterol was
significantly reduced in the metformin group, with a weighted mean difference of —0.44.
No evidence was found of an effect on HDL cholesterol or on triglyceride concentrations
from metformin (77).

Another insulin-senzitizer, troglitazone, showed a significant dose-response improve-
ment in ovulation and circulating hyperandrogenemia or hirsutism (78), resembling on the
same effects obtained with widely used metformin. On the other hand, there was a
favorable, but non-significant, increase of HDL-cholesterol, decrease of LDL-cholesterol,
and a trend toward decreased circulating triglycerides, only in patients treated with a high
dose of troglitazone. It was concluded that treatment with troglitazone in women with
PCOS may have minimal impact on lipids as a cardiovascular risk factor. Therefore, it
should not be assumed that this treatment alone is sufficient to treat dyslipidemia in
women with PCOS (79).

In the recent years, treatment of obesity by various means gave another possibility for
the reduction of cardiovascular risk factors. Orlistat is a potent and irreversible inhibitor
of gastric and pancreatic carboxylester lipase, inhibiting the digestion of dietary trigly-
cerides and decreasing the absorption of lipids. Despite previous results on the favorable
effect of orlistat on improvement in lipid parameters associated with weight loss (22-25),
a similar effect on lipids in women with PCOS was not obtained (80). Sibutramine, an
inhibitor of norepinephrine and serotonin reuptake, is another anti-obesity drug that
results in enhancing satiety and weight reduction. As with orlistat, sibutramine was
investigated for possible metabolic intervention in PCOS. It was shown that treatment
with sibutramine alone led to the decrease of plasma triglycerides giving this novel
agent a possible influence on the reduction of cardiovascular risk in PCOS (81).

A study by Ciampelli et al. showed the potential influence of acipimox, an anti-lipolytic
nicotinic acid analog that decreases plasma free fatty acids, on the lipid levels in women
with PCOS (82). The results of this pilot study showed that, in spite of its influence
on glucose and insulin metabolism, administration of acipimox did not influence insulin
sensitivity in women with PCOS but led to decrease of cholesterol, LDL-cholesterol,
and triglycerides in obese subjects. Therefore, this agent appeared as a potential additional
therapeutic agent to ameliorate atherogenic lipid profile in PCOS.

CONCLUSION

PCOS is a complex reproductive disorder that cause with the affected women numerous
clinical as well as metabolic derangements. From the metabolic point of view, PCOS is
an insulin-resistant state closely related to the MS having decreased HDL-cholesterol
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and increased triglyceride levels, as a pattern of dyslipidemia that is frequently found in
PCOS. In the natural disease course, a cardiovascular disease risk has to be anticipated
in a metabolically unstable condition. From the previously mentioned facts in favor to
cardiovascular disease risk, certainly there is substantial evidence that known risk factors
for CHD (obesity, type 2 diabetes, dyslipidemia, hypertension) are generally more prevalent
in women with PCOS than respective controls. Among there risk factors, dyslipidemia is
certainly the most persistent with high prevalence. Consequently, it is reasonable to
conclude that women with PCOS may indeed be at significantly increased risk for
developing CHD. Most of the therapeutic interventions, to ameliorate dyslipidemia and
decrease cardiovascular risk, were based on dietary regiments and improvement of
physical activity. In the past decade, some therapeutic agents like metformin, troglitazone,
and antiobesity drugs as adjuvant therapy, did not succeed in attaining satisfactory decrease
of unfavorable lipids. Therefore, novel intervention modalities with confirmation in
longitudinal studies are needed in prospect for more specific and efficacious amelioration
of lipid profile in women with PCOS.

FUTURE AVENUES OF INVESTIGATION

Cardiovascular endocrinology represents an exciting field for the analyzes of
molecular basis for the development of atherosclerosis and CVD. Dyslipidemia in PCOS,
much like PCOS, is a heterogeneous disorder. Together with other traditional and
non-traditional CHD risk factors, PCOS represents a multifactorial condition that
significantly increases risk for developing CHD. There is still an unsolved investigation
field, as well as a concomitant therapeutic intervention possibility in investigation of
possible pathophysiological mechanisms of influence of deranged lipid milieu on the
initiation of process of atherosclerosis. Therefore, the years to come will bring us further
exploration of the interrelation between various cytokines and lipid particles or their
structural derangements in the process of plaque formation. Novel technologies would
possibly enable us to follow this process by the novel diagnostic surrogate tools or to
examine surrogate endpoints for CHD, not only by examining the endothelial function-
ality but also endothelial structure during the process of incorporation of various lipids
metabolic intermediaries on predilection sites. The next period will possibly bring the
PCOS closer to the MS with subpopulation specificities. Therefore, analyses of lipids
as the most prevalent risk factor for CHD, also present in the core of MS, should be one
of the essential tools in the further larger epidemiological studies.

In the therapeutic modalities, longitudinal studies are needed in PCOS population,
presumably on the potential role of statins and other novel antilipemic drugs in the
treatment of the subclinical or premature CVD in women over 40 years of age, and
even in youngest subpopulation of subjects with the potential to develop CVD. Genetic
therapeutic intervention, although in early development, could be a possible therapeutic
tool at least for patients with the familial forms of hypercholesterolemia.

KEY POINTS

* Apart from the known reproductive consequences, PCOS has been characterized as a
metabolic disorder. That has led to concern about the long-term health consequences,
particularly with regard to diabetes and coronary heart disease.
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Dyslipidemia seems be the most common metabolic abnormality in PCOS. Borderline
or high prevalence of an abnormal lipid concentrations in PCOS approaches 70%
according to the NCEP guidelines. In addition, of those postmenopausal women who
had PCOS earlier in life, 85% had characteristic dyslipidemia of the metabolic syn-
drome, high triglycerides, and/or low HDL-cholesterol.

The effect of aging on the pattern of dyslipidemia in PCOS, with increasing of total
cholesterol and LDL-cholesterol, is causing almost stable cardiovascular risk over a
lifetime.

The most consistently reported alterations in obese compared to non-obese PCOS sub-
groups included elevated triglycerides and lower HDL-cholesterol.

The predominant observation of most studies in women with PCOS was an elevation of
LDL-cholesterol in both lean and obese patients. In the structure, an existence of higher
concentrations and proportion of the more atherogenic LDL-III subfraction was con-
firmed together with smaller diameter of LDL particles.

Decreased concentrations of total HDL was found from the third decade of life onward.
Only obese women with PCOS showed decreased HDL concentrations.

Elevated triglycerides concentration is common lipid disturbance in women with PCOS
being consistently found with ageing, starting from the second decade of life, but found
in both younger and older subgroups.

Prevalence of the metabolic syndrome (MS) was 43—46% in women with PCOS. This
prevalence of MS among patients with PCOS under the age 40 was comparable to the
44% rate reported for women aged 60-69 in the general population. Lipid abnormali-
ties are the most frequent within the components of the MS, namely with the preva-
lence of low HDL-cholesterol in 42% and elevated triglycerides in 32% of the patients
with PCOS who have MS.

Analyzing cardiovascular risk, PCOS in comparison with controls had significantly higher
prevalence of high cholesterol, obesity, diabetes, cerebrovascular disease, and family his-
tory of CHD. Women with PCOS have 7.4-fold relative risk for myocardial infarction.
Different surrogate tools, i.e., coronary angiography assessing coronary calcification,
ultrasound measurement of intima-media thickness, brachial artery flow for assessment
of vascular endothel dysfunction, or left ventricular mass and diastolic function evalu-
ation could be of clinical importance in evaluation of the cardiovascular derangement.
Therapeutic interventions, including dietary regiments and exercise, led to amelioration
of dyslipidemia, whereas some therapeutic agents such as metformin, troglitazone, and
anti-obesity drugs as adjuvant therapy, did not succeed in improvement of lipid profile.
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Summary

Polycystic ovary syndrome (PCOS) is characterized by hyperandrogenemia and disordered
gonadotropin secretion, often associated with insulin resistance. It is likely that PCOS is a group of
distinct diseases with similar clinical phenotypes but different pathophysiological mechanisms,
rather than being one disease caused by a single molecular defect. The serine phosphorylation
hypothesis can potentially explain two major features of the syndrome: insulin resistance and hyper-
androgenemia. Understanding the cell biology of androgen biosynthesis and insulin action will
permit delineating the pathophysiologies of PCOS and may lead to more specific pharmacological
therapy.
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INTRODUCTION

Polycystic ovary syndrome (PCOS), a common cause of menstrual dysfunction,
affects approx 4-8% of women during their reproductive years (1,2). PCOS is primarily
characterized by oligomenorrhea, hyperandrogenemia, signs of androgen excess, dis-
ordered gonadotropin secretion, and obesity, but may also be associated with defects in
both insulin action (insulin resistance) and insulin secretion (pancreatic f3-cell dysfunction),
conferring an increased risk of glucose intolerance, type 2 diabetes, and metabolic
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syndrome X (3-5). PCOS has also been associated with cardiovascular risk factors (6),
although increased morbidity and mortality from coronary artery disease and other
vascular disorders in patients with PCOS have been difficult to establish (7).

The extensive heterogeneity and variable phenotypes of PCOS, exemplified by the
ongoing debates about the definition of the syndrome, have led to multiple, mutually
inconsistent theories of its etiology, including the following (8):

1. A primary defect in insulin action and/or secretion leading to hyperinsulinemia.

2. A primary neuroendocrine defect leading to an exaggerated luteinizing hormone (LH)
pulse frequency and amplitude.

3. A primary defect in ovarian/adrenal androgen biosynthesis resulting in hyperandro-
genism.

However, no single mechanism appears to account for all forms of the syndrome,
suggesting that PCOS is a group of diseases having different pathophysiological mecha-
nisms leading to closely related clinical phenotypes. The serine phosphorylation
hypothesis (9), however, may explain insulin resistance and hyperandrogenemia through
a single autosomal-dominant mechanism, possibly accounting for one form of PCOS.

BACKGROUND

The Biology of Ovarian/Adrenal Androgen Biosynthesis
THE INITIATION OF STEROID HORMONE SYNTHESIS

The pathways of ovarian and adrenal steroid biosynthesis employ a relatively small
number of steroidogenic enzymes, but the variations in their tissue specificity expression
and the availability of substrates and cofactors results in the widely varying patterns
of steroid production in each steroidogenic tissue (/0). Although no cell type expresses
all the steroidogenic enzymes, their interrelationships can be seen in the idealized
integrated pathway shown in Fig. 1. Cholesterol is the precursor for all steroid hormones.
Although the human ovary and adrenal can synthesize cholesterol de novo from acetate,
most of the cholesterol used for steroid biosynthesis is provided by plasma low-density
lipoproteins (LDLs) derived from dietary cholesterol. Adequate amounts of LDL can
suppress 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, the rate-
limiting step in cholesterol biosynthesis. Follicle-stimulating hormone (FSH) and LH in
the ovary and adrenocorticotropic hormone (ACTH) in the adrenal stimulate production
of HMG-CoA reductase and LDL receptor number, and enhanced uptake of LDL chole-
sterol. Thus, inhibitors of HMG-CoA reductase (“‘statins”) inhibit steroidogenesis in
ovarian theca-interstitial cells (/7). Steroidogenic cells take up LDL cholesterol esters by
receptor-mediated endocytosis and either store them or immediately convert them to free
cholesterol for use as substrate for steroidogenesis. The storage vs use of cholesterol esters
is controlled by two opposing enzymes: cholesterol synthetase and cholesterol esterase
(cholesterol ester hydrolase). LH and ACTH stimulate cholesterol esterase while
inhibiting cholesterol synthetase, thus increasing the availability of free cholesterol for
steroidogenesis.

QUANTITATIVE REGULATION OF STEROIDOGENESIS

Steroidogenesis is initiated by the conversion of cholesterol to pregnenolone by the
cholesterol side chain cleavage enzyme, P450scc (10). Whereas many “peripheral” cell
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Fig. 1. Integrated view of human steroidogenesis showing adrenal and gonadal pathways. Reaction 1:
P450scc converts cholesterol to pregnenolone. Reaction 2: 3f-hydroxysteroid dehydrogenase (HSD)
converts A’ steroids (pregnenolone, 170H-pregnenolone, dehydroepiandrosterone [DHEA],
androstenediol) to the corresponding A* steroids (progesterone, androstenedione, testosterone).
Reaction 3: P450c17 catalyzes the 170-hydroxylation of pregnenolone and progesterone. Reaction 4:
The 17,20-lyase activity of P450c17 converts 170H-pregnenolone to DHEA; the conversion of
170H-progesterone to androstenedione occurs in cattle and rodents, but human P450c17 cannot cat-
alyze this reaction efficiently. Reaction 5: P450c21 catalyzes the 21-hydroxylation of progesterone
and 170H-progesterone. Reaction 6: Deoxycorticosterone (DOC) can be converted to corticosterone
by either P450c11AS (in the adrenal zona glomerulosa) or P450c11f (in the adrenal zona fasci-
culata). Reaction 7: P450c11f converts 11-deoxycortisol to cortisol. Reactions 8 and 9: P450c11AS
catalyzes 18 hydroxylase (reaction 8) and 18 methyl oxidase activities (reaction 9) to produce aldo-
sterone in the adrenal zona glomerulosa. Reaction 10: Two isozymes of 173-HSD activate sex steroids:
17B-HSD1 produces estradiol and 17B8-HSD3 produces androgens. In peripheral tissues 17B-HSD5
has similar activity to 173-HSD3, and 173-HSD2 and 4 catalyze the “reverse” reactions to inactivate
sex steroids. Reaction 11: P450aro aromatizes C19 androgenic steroids to C18 estrogens.

types (e.g., liver) can modify steroids picked up from the circulation, it is the expression
of P450scc that identifies a cell as steroidogenic. The quantity of steroid that can be
produced by a steroidogenic cell is regulated in two fashions: acute and chronic.
Chronic regulation, which determines the net steroidogenic capacity of a cell, is mediated
by the transcription of the genes for the cell’s steroidogenic enzymes. Among the
steroidogenic enzymes, P450scc is by far the slowest and hence is rate-limiting, so that its
transcription is the key step. Thus, LH in the ovary and ACTH in the adrenal act through
cyclic adenosine monophosphate to increase the transcription of the genes for P450scc and
other enzymes, thereby determining the amount of steroidogenic machinery in the cell.

Some steroidogenic cells (e.g., placental syncytiotrophoblasts) make fairly constant
amounts of steroid, and hence do not have an acute regulatory mechanism. However, adrenal
cells, which must be able to respond to acute stress, and ovarian cells, which must be able
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to mount an acute estrogenic response to the LH surge, and even Leydig cells, which
secrete testosterone episodically, must be able to turn steroidogenesis on and off far
more rapidly than can be mediated by the transcriptional control of P450scc. This acute
regulation is mediated by the steroidogenic acute regulatory protein (StAR), which
facilitates the movement of cholesterol into mitochondria, where it becomes the sub-
strate for P450scc (12). Absence of StAR disrupts fetal and neonatal testicular and
adrenal steroidogenesis, but not placental steroidogenesis, causing congenital lipoid
adrenal hyperplasia; however, the ovary remains unaffected until it is stimulated at
the age of puberty (13,14). Alterations in the expression or activity of StAR have also
been implicated in the pathogenesis of PCOS (15), but the clinical relevance of these
observations remains uncertain.

QUALITATIVE REGULATION OF STEROIDOGENESIS

The qualitative regulator of steroidogenesis, which determines the class of steroids a
cell will produce, is the microsomal enzyme P450c17, which sequentially catalyzes
both 17a-hydroxylase activity and 17,20-lyase activity (16,17). In the absence of
P450c17, a cell produces C,; 17-deoxysteroids, e.g., progesterone in the ovarian granulosa
cell or aldosterone in the adrenal glomerulosa cell. If only the 170-hydroxylase activity
is present (e.g., in the adrenal zona fasiculata), C,; 17-hydroxysteroids (e.g., cortisol)
are produced. If both the 17a-hydroxylase and 17,20-lyase activities are present (e.g.,
in ovarian theca cells, testicular Leydig cells, or adrenal zona reticularis), C,, precursors
of sex steroids (e.g., dehydroepiandrosterone [DHEA]) are produced. Alterations in
P450c17’s expression or activity have been implicated in the etiology of PCOS (18,19).
The ratio of 170a-hydroxylase activity to 17,20-lyase activity of P450c17 determines the
ratio of C,, to C,, steroids produced. This ratio varies in different cell types (e.g., adrenal
fasiculata vs reticularis) and can be developmentally regulated during human adrenarche.
This regulation is mediated posttranslationally by at least three factors (20):

1. The abundance of the electron-donating protein P450 oxidoreductase (POR).
2. The presence of cytochrome bs.
3. The serine phosphorylation of P450c17.

SEX STEROID BI0SYNTHESIS: FROM DHEA TO ANDROGENS AND ESTROGENS

Essentially all human sex steroids are produced from DHEA. The 17,20-lyase activity
of human P450c17 converts 170H-pregnenolone to DHEA with 30-fold greater efficiency
than the conversion of 170H-progesterone to androstenedione (27), hence human
androgen synthesis must proceed through DHEA. By contrast, rodents and cattle can
convert 170H-progesterone directly to androstenedione, highlighting the major differ-
ences in the pathways of sex steroid synthesis in various mammals. Sex steroid synthesis
is thus initiated by converting DHEA to androstenedione by adrenal or gonadal 3f3-
hydroxysteroid dehydrogenase type 2 (3f-HSD2). An essentially identical isozyme
expressed from a different gene, 3B-hydroxysteroid dehydrogenase type 1 (33-HSD1),
is expressed in placenta, liver, and peripheral tissues (22,23). Deficiencies of 33-HSD2
are a rare cause of defective androgen synthesis (24). Apparently mild deficiencies of
3B-HSD2 activity have been alleged in some hyperandrogenic women with high serum
ratios of DHEA to androstenedione or 170H-pregnenolone to 170H-progesterone, but
DNA sequencing has shown that these individuals have normal 33-HSD?2 genes (25).



Chapter 8 / Serine Phosphorylation, Insulin Resistance, and Steroidogenesis 103

Thus, elevated A3 steroid values from three to seven standard deviations above the mean
may be associated with mild hyperandrogenism, but the basis of this phenomenon
remains unknown.

Androstenedione can be converted to testosterone by isozymes of 173-hydroxy-
steroid dehydrogenases or to estrone by aromatase (P450aro) (26,27). In the sex steroid
target tissues, testosterone may be converted to the biologically more potent androgen
dihydrotestosterone (DHT) by Sa-reductase (28), and estrone may be converted to the
biologically more potent estrogen estradiol by 17B-hydroxysteroid dehydrogenase type 1
(17B-HSD1) (29). The mechanisms of sex steroid production have been reviewed
elsewhere (30).

CIRCULATING SEX STEROIDS

DHEA sulfate (DHEAS), produced by the sulfation of DHEA by SULT2AI in the
adrenal, is the most abundant steroid in the circulation of adults of reproductive age
(31). DHEA, DHEAS, and androstenedione are produced almost exclusively by the
adrenal zona reticularis. Adrenal C, steroids, however, do not bind with high affinity to
the androgen receptor; hence, they function primarily as precursors that are converted
to active androgens or estrogens by isozymes of 178-HSD and by aromatase in target
tissues. Although the adrenal can produce minimal amounts of testosterone, probably
through 178-HSD type 5 (17B-HSD5), it can not synthesize estrogens as it lacks aro-
matase (P450aro). Sex steroid target tissues express aromatase (mainly in the adipose
tissue) (32) and multiple isozymes of 173-HSD, including 173-HSD1 (mainly in the
ovary, placenta, and breast) (29), 17B-HSD3 (mainly in the testis) (33), and 17B-HSD5
(mainly in the liver and muscle) (34). The breast and other “extraglandular tissue,” such as
the skin, also express 33-HSD1 and steroid sulfatase, enzymes that can convert DHEAS
to androstenedione (23).

The hyperandrogenism of PCOS is of both ovarian and adrenal origin. When adrenal
steroidogenesis is suppressed with dexamethasone, the hyperandrogenism persists,
indicating an ovarian source (35,36), and when ovarian steroidogenesis is suppressed
with a gonadotropin-releasing hormone (GnRH) agonist, the hyperandrogenism again
remains, indicating an adrenal source (37-39). In addition, women with PCOS appear
to have steady levels of gonadotropins, as opposed to the cyclical fluctuating levels
found in normally ovulating women, resulting in increased ovarian production of
testosterone, androstenedione, DHEA, DHEAS, 17a-hydroxyprogesterone, and estrone
(40,41). Elevated DHEAS levels have also been reported in brothers of women with
PCOS (42), possibly reflecting an underlying defect in steroidogenesis that has been
found in the sisters of women with PCOS (43), suggesting a genetic trait.

Hyperinsulinemia and Increased Androgen Biosynthesis

Elevated insulin levels are associated with elevated androgen levels in PCOS (44),
and the severity of the hyperinsulinemia directly correlates with the severity of the PCOS
(45,46). However, it is unclear whether hyperandrogenism results from the hyperinsulinemia,
or the hyperinsulinemia results from hyperandrogenism, or whether hyperinsulinemia
and hyperandrogenism are independent variables linked in a noncausal relationship. Most
authorities hypothesize that hyperinsulinemia secondary to insulin resistance is the
primary factor driving the increased androgen production. Thus, bilateral oophorectomy
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(47) and administration of GnRH agonist (48,49) or antiandrogenic compounds (50), do
not appear to alter the insulin resistance or hyperinsulinemia of PCOS. However, androgen
excess may contribute to insulin resistance and hyperinsulinemia. Administration of
methyltestosterone to cycling women decreases insulin sensitivity (5/) and women with
congenital adrenal hyperplasia have decreased insulin sensitivity (52). However, endo-
genous androgens do not cause insulin resistance and hyperinsulinemia in normal men, hence
the relationship between hyperandrogenemia and insulin resistance remains unclear.

Disordered insulin action typically precedes the development of hyperandrogenism
in PCOS. Thus, insulin may act directly to stimulate androgen secretion alone, and/or
augment LH-stimulated androgen secretion from theca cells (53-55). Insulin may also act
indirectly to enhance the amplitude of serum LH pulses (56), decrease hepatic production
of serum sex hormone-binding globulin (SHBG) (57), and/or decrease insulin-like
growth factor binding protein (IGFBP)-1, thus increasing free IGF-1, which also can
stimulate theca cell’s androgen production (58,59). The hyperinsulinemia of PCOS also
appears to contribute to the premature arrest of follicle cell growth seen in affected
anovulatory women (60).

Effects of Insulin Sensitizing Agents on Steroidogenesis

PCOS is commonly treated with biguanides and thiazolidinediones. Both classes of
drugs are insulin-sensitizing agents that decrease hyperandrogenemia and increase fer-
tility in women with PCOS (61-65). These agents may decrease circulating androgen
levels indirectly by lowering insulin levels. Alternatively, they may also decrease circulating
androgen levels directly by inhibiting steroidogenic enzymes.

Metformin, a biguanide, improves insulin sensitivity, but its mechanism of action is
unclear. It may alleviate glucose toxicity (66) or inhibit complex 1 of the mitochondrial
respiratory chain (67); at least some of its actions are mediated through activation of
adenosine monophosphate-activated protein kinase (68). The principal physiological con-
sequence of metformin treatment is reduction of hepatic gluconeogenesis and hepatic
glucose output (69). Furthermore, metformin induces weight loss (69), thus improving
insulin sensitivity and decreasing insulin levels. Metformin also lowers circulating androgen
levels (70) and attenuates the adrenal steroidogenic hyperresponsiveness to ACTH (71), but
the mechanism remains unclear. Measurements of serum steroids suggested that metformin
inhibits P450c17 (72-74), but direct studies of metformin on human steroidogenic enzymes
showed no effects on P450c17 or 38-HSD2 (75). Thus, the action of metformin to
decrease circulating androgens is probably secondary to its reduction of insulin levels.

Thiazolidinediones improve insulin sensitivity as well, probably as ligands of the
nuclear peroxisome proliferator-activated receptor y (PPARY) (76,77). They also
decrease elevated androgen levels in PCOS women, but do not decrease androgens in
men, suggesting this action is not on the steroidogenic machinery itself. Although
troglitazone, which is no longer used because of hepatotoxicity, can directly inhibit
3B-HSD2 and P450c17 at typical pharmacological concentrations (75), pioglitazone
and rosiglitazone exert this effect only at grossly supratherapeutic concentrations, provid-
ing evidence that the action of thiazolidinedione drugs to lower serum androgens in
women with PCOS is mediated indirectly. Consistent with its direct action on P450c17,
troglitazone decreases both basal, insulin-induced, and LH/human chorionic gonadotropin
(hCG)-stimulated androsterone production by rat theca—interstitial cells, and progesterone



Chapter 8 / Serine Phosphorylation, Insulin Resistance, and Steroidogenesis 105

production by human granulosa lutein cells (78); pioglitazone can also reduce adrenal
responsiveness to ACTH (79). Pharmacological studies with novel, experimental thiazo-
lidinediones show that different regions of the molecule are involved in PPARY binding
and inhibition of P450c17 and 38-HSD?2 (80). Thus, most data indicate that the thiazo-
lidinediones decrease androgens in patients with PCOS primarily by their ability to
improve peripheral insulin sensitivity through PPARYy-mediated pathways, but can also
directly inhibit steroidogenic enzymes, whereas metformin has only the former and not
the latter action (75).

Mechanisms of Insulin Action and Insulin Resistance
MECHANISMS OF INSULIN ACTION

Insulin acts through the insulin receptor (IR) to stimulate glucose transport, promote
storage of carbohydrates and lipids, and regulate cell growth and division (87). IR is a
disulfide-linked transmembrane heterotetramer consisting of two identical oy dimers
(82,83). The extracellular o subunit (IRa) contains the ligand-binding domain; the
transmembrane [ subunit (IRP) contains an intracellular tyrosine kinase domain (81).
Binding of insulin to the IR induces a conformational change in the receptor that activates its
tyrosine kinase domain and causes receptor tyrosine autophosphorylation, thus initiating
insulin signaling (84).

Endogenous intracellular substrates for the autophosphorylated IR include the insulin
receptor substrates (IRS1 through 4), IRS5/DOK4, IRS/DOKS, Gab-1, Cbl, APS and
SHC isoforms, and members of the signal regulatory protein (SIRP) family of proteins
(85). These proteins bind to the activated IR and undergo tyrosine phosphorylation.
IRS-1 and SHC have been studied extensively (87). The phosphorylated tyrosine
residues on the IRSs and SHC serve as docking sites for several SH2 domain proteins,
including phosphatidylinositol 3-kinase (PI3-K) and the adapter protein Grb2. PI3-K
can activate protein kinase B (also known as Akt) and the translocation of GLUT4 to the
cell surface, actions involved in the metabolic effects of insulin. The SHC/Grb2 complex
can associate with the p21™ nucleotide exchange factor SOS, activating the Ras-mitogen-
activated protein (MAP) kinase pathway, actions involved in the mitogenic effects of
insulin. Although the mechanisms of signal termination are unclear, they probably
involve interactions among various kinases and phosphatases (84); receptor-mediated
endocytosis and recycling have also been reported (86).

MECHANISMS OF INSULIN RESISTANCE

Most patients with PCOS have decreased insulin sensitivity, occurring independently
of obesity, glucose intolerance, body fat topography, and sex hormone levels (87). PCOS
patients do not have structural abnormalities of the IR (88,89), decreases in IR number
(90,91), or alterations in insulin-binding affinity (90,91), suggesting a post-receptor
mechanism for their insulin resistance. Serine phosphorylation of IR inhibits IR tyro-
sine autophosphorylation but does not inhibit insulin binding, resulting in a form of
insulin resistance (92-95). This occurs in a subset of patients with PCOS (91). The
mechanism leading to IRP serine phosphorylation remains undefined, but appears to
involve a serine/threonine kinase extrinsic to the receptor (96). Alternatively, an
inhibitor of a serine/threonine phosphatase may be involved (91,97).



106 Bremer and Miller

Insulin resistance in patients with PCOS without IR serine phosphorylation may
involve other post-receptor defects, possibly involving IRS-1 phosphorylation or PI3-K
activation. For example, serine phosphorylation of IRS-1 interferes with its activation by
the IR, and thus typically inhibits IRS-1-dependent signaling pathways (98-100). Serine
phosphorylation of IRS-1 may also contribute to insulin resistance induced by free fatty
acids (FFA) (101) and tumor necrosis factor (TNF)-o (102), both of which may be elevated
in women with PCOS (103-105). Inflammatory cytokines (e.g., interleukin [IL]-1 and -6)
(106), glucosamine (107), and other proteins in the insulin signaling pathways, such as
IRS-2 (108) and the P isoform of Akt (Akt2) (109), may play a role in insulin resistance,
but their potential roles in PCOS are unknown. Plasma membrane glycoprotein PC-1
can also cause insulin resistance, inhibiting IR tyrosine kinase activity through unknown
mechanisms (/10). Although its gene locus is associated with obesity and an increased risk
of glucose intolerance and type 2 diabetes (111), its association with PCOS is unknown.

Ti1sSUE-SELECTIVE IR IN PCOS

The insulin resistance of PCOS appears to be tissue-selective. Insulin resistance has
been reported in muscle, adipose tissue, and the liver in patients with PCOS (87,112),
but not in the polycystic ovary itself. In fact, insulin increases ovarian androgen pro-
duction (113). Patients with mutations in both alleles of the IR (leprechaunism) have
profound insulin resistance, yet have severe hirsutism and elevated testosterone levels
(114), indicating that the action of insulin on the ovary is mediated through a different
molecular mechanism. It has been suggested that insulin could act on the ovaries of
insulin-resistant individuals through IGF-1 receptors (/13). Receptors for IGF-1 (IGF-1R)
have the same structure as the IR, and heterodimeric receptors having one IR subunit
and one IGF-1R subunit are well described (//3). However, antibodies against IGF-1R
do not inhibit insulin-stimulated estradiol and progesterone production in cultured
granulosa cells from women with PCOS, suggesting that insulin induces ovarian
steroidogenesis by activating the IR (60,115). By contrast, insulin-stimulated glycogen
synthesis is decreased significantly (with relatively unchanged thymidine incorporation)
in fibroblasts from patients with PCOS compared to those of controls (1/16), suggesting
that insulin resistance of PCOS occurs at a postreceptor level affecting the metabolic
but not the mitogenic pathways of insulin signaling.

The Serine Phosphorylation Hypothesis

The 17a-hydroxylase and 17,20-lyase activities of P450c17 are catalyzed on a
single active site but are differentially regulated during the course of human adrenarche.
To explain this unusual enzymology, we considered whether posttranslational modifi-
cation of P450c17 could alter the ratio of hydroxylase to lyase activity and found that
serine phosphorylation of P450c17 dramatically increases its 17,20-lyase activity (9).
As it was known that IR serine phosphorylation can inhibit IR tyrosine kinase activity
(92-95), it was apparent that a single kinase might phosphorylate both the insulin
receptor, causing insulin resistance, and P450c17, causing hyperandrogenism (9). A
gain-of-function mutation in the hypothetical kinase or in an upstream regulator of
the kinase might account for the two cardinal but disparate features of PCOS, hyper-
androgenism and insulin resistance, through a single genetic lesion. Furthermore, a
gain-of-function mutation would predict dominant inheritance (9). Shortly before this,
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Fig. 2. Regulation of 17,20-lyase activity by reversible phosphorylation of P450c17. Arrows indicate
stimulation and blocked lines indicate inhibition. A cyclic adenosine monophosphate-dependent
serine/threonine (S/T) kinase stimulates the 17,20-lyase activity of P450c17 and a tyrosine (Y)
kinase, and SET and okadaic acid (OA) inhibit PP2A. The natures of the kinases that regulate SET
and that presumably regulate Ser/Thr kinases are unknown. (From ref. 125.)

excess serine phosphorylation of IRp was reported in a subset of patients with PCOS
who have insulin resistance (97), providing evidence for the serine phosphorylation
hypothesis from the perspective of IRP as well as P450c17.

A gain-of-function mutation also suggests that affected patients may have a milder
clinical manifestation of the syndrome in earlier life, before the complete phenotype
becomes apparent. Indeed, both factors appear to be true, at least in a subset of patients
with PCOS. Autosomal-dominant inheritance has been reported in several studies of the
genetics of PCOS (43,117-119) and clinical data indicate that girls with premature, exag-
gerated adrenarche are more likely to develop PCOS as adults than girls who undergo
normal adrenarche (59,120-122). However, the serine phosphorylation hypothesis
remains unproven. A study expressing P450c17 in fibroblasts from patients with PCOS
did not show increased 17,20-lyase activity (/23). However, these observations are insuf-
ficient to reject the hypothesis, as fibroblasts are not steroidogenic and do not normally
express large amounts of the POR and cytochrome by needed for maximal lyase activity.
Thus, until the kinase(s) responsible for serine phosphorylation of IRB and P450c17 is
(are) characterized, it will not be possible to confirm or reject this hypothesis.

Although the physiological trigger to P450c17 serine phosphorylation remains
unknown, IGF-1 may be involved (9), as its serum levels rise and fall in a pattern similar
to that of DHEA. Various kinases and phosphatases may also play a role, as proteins
activated by phosphorylation usually exist in a state of equilibrium between phosphory-
lation by a kinase and dephosphorylation by a phosphatase (/24). Recent work has
shown that protein phosphatase 2A (PP2A) is the physiological agent that dephospho-
rylates P450c17. PP2A, in turn, is regulated by SET, a phosphoprotein that inhibits
PP2A (125). Thus, serine phosphorylation of P450c17 appears to be regulated positively
by a kinase pathway and negatively by a phosphatase pathway, both of which probably
contain multiple components with several potential sites of regulation by kinases and
phosphatases (see Fig. 2) (125).

Serine phosphorylation is not the only posttranscriptional mechanism regulating the
17,20-lyase activity of P450c17; this activity is also amplified by the presence of
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cytochrome by, which acts allosterically to promote the association of P450c17 with
POR (21). However, cytochrome b5 has no known effect on insulin action. Serine phos-
phorylation and the presence of cytochrome b5 act independently of one another, and
each can elicit maximal 17,20-lyase activity (126). The roles of serine phosphorylation
and cytochrome b in the normal or PCOS theca cell have not yet been investigated.

Thus, although the serine phosphorylation hypothesis provides a common pathway
for hyperandrogenism and insulin resistance, two principal features of some forms of
PCOS, it remains an unproven hypothesis until such time as the kinase is cloned and
activating mutations are found. Nonetheless, the hypothesis is heuristic and has stimu-
lated further study of the cell biology of PCOS.

FUTURE AVENUES OF INVESTIGATION

Much remain to be learned regarding PCOS and the pathogenesis of its multiple
forms. Future areas of investigation include —but are not limited to— the following:

1. Identification of the kinase(s) involved in the serine phosphorylation of P450c17.
Identification of the kinase(s) responsible for serine phosphorylation of IRf.
Identification of the upstream factors regulating the activity of this (these) kinase(s).
Evaluation of forms of PCOS not accounted for by the serine phosphorylation hypothesis.
Development of specific novel therapeutic agents for patients with PCOS based on a
more detailed understanding of cell biology.

BANE Il N

KEY POINTS

¢ PCOS is a common cause of menstrual dysfunction and is one of the most frequently
encountered endocrine disorders.

¢ PCOS is probably a group of diseases with different pathophysiological mechanisms,
rather than being one disease caused by a single molecular defect.

* Insulin resistance and hyperandrogenism are characteristics of some forms of PCOS.

¢ The “serine phosphorylation hypothesis” provides a single mechanism for both insulin
resistance and hyperandrogenism, implying autosomal-dominant inheritance of a
gain-of-function mutation in the responsible kinase.

* Advances in the understanding of the cell biology of PCOS may permit the develop-
ment of a more specific drug therapy.
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Summary

There is a long history of oral contraceptive pill (OCP) use in subjects with polycystic ovary
syndrome (PCOS). The more immediate benefits have been amply demonstrated and include
improvement in acne, hirsutism, alopecia, as well as regulation of abnormal cycles with the potential
for preventing endometrial hyperplasia and, subsequently, cancer. In addition, OCPs provide protection
against pregnancy, especially if other medications, such as anti-androgens, biguanides, or thiazo-
lidinediones, are also given. Although epidemiological evidence of actual increased risk of coronary
events in subjects with PCOS is lacking, surrogate markers are certainly consistent with an increased
risk of cardiovascular disease in PCOS. The possibility that OCP may increase this risk adds urgency
to the need for more systematic research in this field. It is in this context that knowledge of the
effects of OCP on carbohydrate and lipid metabolism in normal and, particularly, in subjects with
PCOS is so critical, given the well-known association of glucose intolerance, dyslipidemia, and
cardiovascular events.

Evidence presented in this paper supports the following concepts:

1. Estrogen may impair carbohydrate tolerance and insulin sensitivity, and this may be dose-dependent.
This effect may also be dependent on the endogenous insulin sensitivity of the individual.
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2. Progestins with intrinsic androgenic properties may also impair insulin sensitivity and glucose
tolerance.

3. Lowering of free androgens may improve insulin sensitivity and glucose tolerance in some
subjects.

4. The composite effect of OCP on glucose tolerance and insulin sensitivity may be determined
by the interplay of the above with the endogenous insulin sensitivity of the individual, which is
determined genetically, environmentally, and by other factors. The environmental influence
may also vary over time.

5. The effect of OCP on lipid metabolism relates to estrogen-induced increases in high density
lipoprotein cholesterol and triglycerides. The latter effect may be attenuated by pills of greater
androgenicity.

Inasmuch as OCP have the potential for impairment of glucose tolerance and insulin sensitivity,
in many subjects with PCOS, and given that this effect alone may increase the potential for cardio-
vascular disease (as may changes in lipid metabolism and coagulation parameters), OCPs should be
used cautiously in at least some subgroups of patients with PCOS. These include the obese, those
with strong family histories of diabetes, and perhaps adolescents, given the lower endogenous
insulin sensitivity in these subgroups. Consideration should therefore be given to the concomitant
use of agents that may modify these effects, such as biguanides, thiazolidinediones, and androgen
blockers in appropriate individuals.

Key Words: Polycystic ovary syndrome; oral contraceptive pills; insulin resistance; metabolic
syndrome; dyslipidemia; hyperandrogenism; acne; hirsutism; glucose intolerance; cardiovascular
disease.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in
women of reproductive age (/). Although the specific manifestations and sequelae that
lead patients to seek medical attention is varied (2,3), the consensus of opinion is that
the syndrome encompasses ovulatory dysfunction, presenting as oligomenorrhea or
amenorrhea, signs, symptoms, and biochemical evidence of a hyperandrogenic state,
and multicystic ovaries (4). As is evident to most physicians involved in the care of
these patients, these commonalities may mask significant differences among individu-
als (5-7). For many women with PCOS, the initial encounter relates to their inability to
achieve pregnancy and the overriding priority is induction of ovulation. However, for
many others it is the sundry other complaints that are the presenting symptoms, such as
hirsutism, acne, alopecia, irregular or abnormal menses, amenorrhea, the diagnosis of
ovarian cysts, and often also obesity (8). The purpose of this chapter is to review the
role, benefits, and potential risks of oral contraceptive pills (OCPs) in the management
of women with PCOS not desiring pregnancy.

Combined OCPs have had a long traditional role in the management of PCOS
(9,10). Although ovulation occurs infrequently, it may occur and for many, OCPs
are the most acceptable method of contraception. In addition, the use of other agents,
such as spironolactone, used as an androgen-blocker, makes contraception a priority.
Unopposed estrogen stimulation of the endometrium, a consequence of the anovulatory
state, is well recognized to be a predeterminant of endometrial hyperplasia and cancer
(11,12). The progestin component of the OCP protects the endometrium, prevents
hyperplasia, and treats the erratic menses and meno-metrorrhagia, often seen in
women with PCOS.
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The estrogen component of OCP enhances hepatic production of sex hormone-binding
globulin, thereby reducing free androgen availability. Oral contraceptive steroids also
reduce luteinizing hormone concentrations, reducing the drive to ovarian androgen pro-
duction and thus circulating androgens (/3—15). Even adrenal androgen secretion may
be reduced by these pills (/1,12). However, many of the progestins used as components
of OCP are 19-nortestosterone derivatives and thus have androgenic effects, thereby
potentially negating the beneficial androgen-lowering effects of OCPs (9). Norgestimate
and desogestrel are virtually non-androgenic and drospirenone, an analog of spirono-
lactone, has antiandrogenic properties (16,17). In addition, norgestimate is an inhibitor
of skin So-reductase in vitro. In Europe, Canada, and many other parts of the world,
although not in the United States, OCPs containing the anti-androgen cyproterone
acetate are also available. The choice of contraceptive pills may thus be determined by
their properties as well as their side effect profiles. The estrogen in OCP is virtually
always the synthetic estrogen ethinylestradiol (EE) and although high-dose pills were
previously commonly used, the majority of women are currently on OCPs containing
20-35 pg of EE.

INDICATIONS AND BENEFITS OF OCP IN PCOS

Treatment of Acne, Hirsutism, and Alopecia

The effect of oral contraceptives on hirsutism was recently reviewed by Azziz (18),
Guzick (719), and Ehrmann (2). Overall, 70-80% of women with androgen excess
demonstrate hirsutism, although this prevalence is less common in women of Asian
origin. Androgens increase the growth rate of hair and transform vellus hair to terminal
hair in androgen-sensitive areas. Reduction of serum androgens with OCP reduces new
hair growth and slows the growth of terminal hair already present (20,21). It may take
six or more months for this effect to become manifest (22). Treatment of acne is often
most satisfactory, and several OCPs are approved by the Food and Drug Administration
in the United States for such treatment. With 6-9 months of use, inflammatory-lesion
counts are reduced by 30-60%, with improvements in 50-90% of patients (23).
Hormonal treatment may be especially useful in a subset of women with deep-seated
nodules of the lower face (24). Furthermore, adult women who relapse following
isotretinoin therapy are likely to respond to hormonal therapy. Androgen blockers, such
as spironolactone or flutamide, may be combined with OCPs, enhancing their effect
(25). Contraceptive pills containing 2 mg cyproterone acetate are also widely available
in Europe and Canada for the treatment of symptomatic hyperandrogenism (26).

Prevention and Treatment of Ovarian Cysts

Use of OCPs to treat functional ovarian cysts is a common practice. In a study of
almost 1000 hospitalized women, the incidence of cysts among women 20—44 years old
not using OCPs was 38 per 100,000 per year, whereas for women using OCPs, it was
3 per 100,0000 per year (27). In a study of OCPs containing cyproterone, ovarian volume
decreased following pill usage (28). However, the dose of EE in the oral contraceptive
may be important. Holt et al. (29,30) found that current use of low-dose monophasic
oral contraceptives did not substantially reduce the risk of functional ovarian cysts in
contrast to higher dose pills. This conclusion was supported by Lanes et al. (31).
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Cycle Control and Prevention of Endometrial Hyperplasia and Cancer

Regular menses can be achieved with the use of OCPs. Preference is often given to
OCP containing progestins that are of low androgenicity or anti-androgenic. Unopposed
estrogen stimulation of the endometrium in anovulatory subjects with PCOS is associated
with an increased risk of endometrial cancer in these individuals (32-34). OCP have
been shown to protect against endometrial cancer in the general population (35).

METABOLIC AND VASCULAR EFFECTS OF OCPs

The association of PCOS with adverse long-term metabolic consequences and mark-
ers of cardiovascular disease has generated a great deal of interest and concern in the
interaction and possible potentiation of adverse outcomes with OCP use (36). Even in
the absence of PCOS, adverse long-term effects of OCPs have been under intense
scrutiny (37). Although the results are somewhat varied, broad conclusions are briefly
summarized next.

Carbohydrate Metabolism and OCP Use

The effect of OCPs on carbohydrate metabolism in the general population is of
paramount importance and interest in relation to PCOS. Several epidemiological
studies, including two Nurses’ Health Study cohort studies, have looked at this relation-
ship. In the first (38), with 12 years of follow-up, and a mean age of 58 years at follow-up,
the relative risk of developing type 2 diabetes associated with past use of OCPs was
10% greater than in those who had never used OCPs. However, a large proportion used
high-dose OCPs. In the second cohort study (39), with the use of low-dose OCP for a
mean of 4 years and a mean follow-up age of 38 years, the adjusted relative risk was
increased in past (1.2) and current (1.6) users; these differences were not statistically
significant, however. In a third study (40), cross-sectional data from the Third National
Health and Nutrition Examination Survey were assessed. Mean fasting glucose, insulin,
C-peptide, and hemoglobin A1C were evaluated during the survey; past and present
OCP users did not differ from never-users after adjusting for potential confounders.

Smaller studies on carbohydrate metabolism and glucose tolerance in oral contra-
ceptive users have yielded varying results. Luyckx (41) reported mild deterioration of
glucose tolerance of 7-12% as measured by area-under-the-glucose curve in 38 women
using three different formulations. Plasma insulin responses to glucose were not
increased. In the study of van den Ende (42) a 20-ug EE—desogestrel OCP was used in
16 healthy volunteers. A slight but significant deterioration in glucose tolerance and
increased insulin responses were seen. In 1987, van der Vange (43) investigated the effects
of seven low-dose (30—40 pg of EE) pills on carbohydrate metabolism in groups of healthy
volunteers. The pills differed in content and type of progestin. The area-under-the-glucose
and -insulin curves did not change, nor was there a significant change in glycosylated
proteins. In a trial of triphasic preparations in 130 women, Bowes et al. (44) tested glucose
tolerance orally and found small, but significant increases in plasma glucose levels; small
increase in serum insulin was also found. Godsland (45) observed the metabolic effects of
nine types of oral contraceptives in 1060 women, using oral glucose tolerance tests (GTTs).
Two of these were progestin only pills. Depending on the dose and type of progestin,
combination pills were associated with plasma glucoses that were 43—61% higher than in
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controls with insulin responses 12-40% higher. Progestin only pills or combinations
containing desogestrel or low-dose norethindrone were associated with the most favorable
profiles. Godsland et al. (46) also investigated the metabolic effects of four different OCP
preparations, with similar estrogen but differing progestins, employing intravenous GTTs.
They also tested one progestin-only pill. Incremental glucose, insulin, and C-peptide varied
according to the progestin content with greater increase following levonorgestrel compared
with desogestrel. The norethindrone-only pill actually reduced incremental C-peptide.
Estrogen-containing pills caused similar degrees of insulin resistance, as reflected by glucose
elimination. The progestin-only pill did not affect resistance to insulin. They concluded
that the effects related to estrogen-induced insulin resistance and progestin-associated
changes in insulin half-life. A similar conclusion, related to estrogen, was reached by
Kojima et al. (47); they used three different doses of EE and found reduced insulin sensiti-
vity in the group as a whole, but this effect was seen mainly with use of the highest dose.
Crook et al. (48) studied women on desogestrel (low androgenic) vs gestodene (more
androgenic) OCPs and compared them with women who were not on OCPs. The use of
OCPs leads to increased high-density lipoprotein (HDL; with higher HDL?2 in desogestrel
users) and triglycerides. Although fasting insulin and glucose were similar in the three
groups, their responses to a glucose load were higher in OCP users. The late plasma insulin
response to glucose was also higher in gestodene vs desogestrel users. They concluded that
the metabolic profiles induced by OCPs were remarkably similar and suggested that these
changes may be reflective of the estrogen component. In another study, Petersen et al.
(49) studied insulin sensitivity index, glucose effectiveness, and insulin response in a
group of young, healthy women given EE—norgestimate or EE-gestodene, using intra-
venous glucose GTTs. Both compounds increased fasting insulin and reduced the insulin
sensitivity index, but only gestodene increased the insulin response to intravenous glucose.
They, too, considered that insulin resistance might relate to the estrogenic component.

Indeed, in a comprehensive review of the influence of female sex steroids on glucose
metabolism and insulin action, Godsland (50) again stated that OCPs were generally
associated with reduced glucose tolerance, hyperinsulinemia, and insulin resistance and
that the estrogen component was primarily responsible for these changes. It was also
stated that the progestin component could modify these changes. Supporting evidence
comes from a population-based sample of 380 young healthy Caucasians who had a
combined intravenous GTT with the addition of tolbutamide (5/). About one-third of
the variation in the insulin sensitivity index was related to body fat, maximum aerobic
capacity, and OCP use (lower sensitivity with OCP).

Small sophisticated clamp studies have found variable effects. For example, in a
study of seven healthy, young women using a cyproterone acetate-containing pill,
Scheen et al. (52) performed euglycemic clamp studies before and at 6 and 12 months
following therapy. No significant effect on insulin sensitivity was noted. However, in a
euglycemic clamp study of normal, lean women using or not using OCP (20-30 ug EE
with desogestrel or gestodene), Perseghin et al. (53) found a 40% reduction in insulin
sensitivity, along with increased free fatty acids and triglycerides, in pill users.

Lipid Metabolism and OCP Use

In a review of lipid effects of oral contraceptives, Fotherby (54) concluded that
preferred formulations should contain a low dose of EE and should not raise total or
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low-density lipoprotein (LDL) cholesterol or reduce HDL cholesterol. He reviewed
progestin differences: certain OCPs, for example desogestrel, were favorable in raising
HDL. He also stated that for women, the risk of OCPs with respect to cardiovascular
disease was only a minor risk factor unless other risk factors were also present (relevant
to PCOS). Other studies on OCPs and lipids have shown varied results. Godsland (45)
found increased triglycerides in his cross-sectional study of 1060 women on various
OCPs. Some found decreased LDL and increased HDL (desogestrel); others decreased
HDL (levonorgestrel). Studies assessing the impact of 24 months of a 35 ug EE-
norgestimate pill on lipid metabolism in 450 women reported a significant increase in
HDL and a decrease in LDL/HDL ratio (55). Crook et al. (48) found increased HDL
and triglycerides in both gestodene and desogestrel users, with higher HDL2 in users of
desogestrel. Van Rooije (56) did a crossover study using the same amount of EE with
either desogestrel or levonorgestrel. The desogestrel pill increased HDL as compared
with both baseline and levonorgestrel pills. Both increased triglycerides, but was more
pronounced with desogestrel.

Myocardial Infarction, Stroke, Thromboembolic Disease, and OCP Use

The relationship of oral contraceptives and myocardial infarction and its surrogates
has been the subject of numerous studies, and was recently reviewed by the Practice
Committee of the American Society for Reproductive Medicine (57). The baseline risk
of myocardial infarction is low in young women and rises from 2 per million at age
30-34 years to 20 per million at age 40—44 years (58). Low-dose oral contraceptives
increase this risk twofold among users even after controlling for cardiovascular risk
factors, such as smoking, hypertension, hypercholesterolemia, diabetes, and obesity (59).
Factors, such as smoking, significantly compound that risk, especially after age 35 years
(60), hence the recommendation to avoid OCP in smokers over age 35 years. Spitzer et al.
(61) evaluated the findings of seven recent oral contraceptive studies on the risk of
myocardial infarction among users of second- and third-generation OCPs. Compared
with non-users, the aggregated odds ratio for third-generation OCPs was 1.13 (0.66—1.92),
and for second-generation it was 2.18 (1.62-2.94). Thus, the overview suggested that
third-generation OCPs do not convey harm as regards myocardial infarction compared
with non-users. However, in a more recent meta-analysis of the association of current
use of low-dose OCPs and cardiovascular arterial disease, the authors concluded that
there was a significant increased risk of cardiac and vascular arterial events, includ-
ing a significant increased risk of vascular arterial complications with third-generation
OCPs (37).

With regards to ischemic stroke, a summary of five epidemiological case—control
studies concluded that the risk of ischemic stroke was 2.2-fold higher with current
use of OCPs containing less than 50 pg EE and does not appear to be related to the
progestin (62). Again, the baseline risk is low, rising from 6 per million at age 20 years
to 16 per million at age 40—44 years (58,63). For hemorrhagic stroke, the risk is not
increased by OCPs used by women under age 35. For those over age 35 using OCPs,
the risk is 2.2-fold over that of non-users (57,64).

Venous thromboembolic (VTE) risk in relation to OCP use has been the subject of
intense investigation. Oral contraceptives are associated with a threefold increased risk
of VTE and the risk appears to be proportional to estrogen dose (58). The possibility of
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higher risk in relation to newer progestins (desogestrel and gestodene), as suggested by
some studies, was the basis of a meta-analysis that included three cohort and nine
case—control studies. An overall adjusted odds ratio for VTE in relation to the newer
progestins was found to be 1.7, as compared with second-generation progestins (65).
Although significant, the occurrence of VTE is still a rare event, and the Food and Drug
Administration suggested no change in prescribing (57). The risk for VTE is, however,
more substantial in women with prothrombotic mutations, such as Leiden factor V
mutation, and these women should not receive OCPs (66).

METABOLIC EFFECTS OF OCPs IN PCOS:
CARBOHYDRATE METABOLISM

The metabolic effects of oral contraceptives in patients with PCOS have not been
extensively or systematically studied and the literature is as varied as the patient popu-
lation itself. Study variables have included age, body mass indices (BMI), methodology
for determining the metabolic effects, use of different contraceptive preparations and the
inclusion of otherwise healthy subjects. This literature is briefly reviewed in the following
subheadings.

Carbohydrate Metabolism and OCP Use in PCOS:
Results of Individual Studies

Falsetti and Pasinetti (67) administered a low-dose cyproterone OCP for 36 cycles to
72 women with PCOS and compared them with 39 healthy controls. There was no
change in serum insulin and glucose values after 36 cycles of treatment in patients with
PCOS. Twenty of the PCOS subjects were overweight (mean BMI of these women was
27 vs 22 for the whole group).

Korythowski et al. (68) performed hyperglycemic clamp studies in 9 PCOS and 10
controls, treated with a low-dose norethindrone pill. Both groups were overweight
and the baseline androgens, triglycerides, and insulin responses to oral glucose were
higher and the insulin sensitivity index lower in the PCOS subjects. There was a further
decline in insulin sensitivity in the women with PCOS and also a decline in the controls.
Nader et al. (69) performed oral GTTs in 16 nondiabetic, extremely obese women with
PCOS (BMI 36.8 * 1.8 kg/m?) with acanthosis nigricans before and after six cycles of
a desogestrel-containing pill. Despite a lack of change in weight, glucose tolerance
deteriorated significantly and two women developed diabetes.

Pasquali et al. (70) reevaluated 37 women with PCOS approx 10 years after their initial
assessment. The patients were advised to follow hypocaloric diets if obese and OCPs
were offered. Sixteen women took OCPs for an average of 97 months, whereas 21 never
took them. Glucose tolerance area-under-the-curve (AUC) improved and basal insulin
declined significantly in users of OCPs, but not in non-users. Insulin AUC increased in
non-users of OCP, but remained unchanged in users. Thus, there was a spontaneous
worsening of hyperinsulinemia and insulin resistance in the non-pill users. At initial
evaluation 10 women were normal weight (BMI < 26) and 27 were overweight or obese
(BMI = 26). The pill users had mean BMIs of 28.8 and 27.9 before and after treatment.
Non-users had values of 32.7 and 34.4, respectively.

Morin-Papunen (71) compared the effects of metformin with a cyproterone acetate pill
in 32 obese women with PCOS. Oral GTT and euglycemic clamp studies were performed.
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They observed the expected decline in insulin and improved glucose utilization with
metformin, but noted an increased glucose AUC during the oral GTT on the pill, although
insulin sensitivity as measured by the clamp studies did not change significantly.
Escobar-Morreale et al. (72) evaluated 16 hirsute women (five oligomenorrheic) before
and 6 months after a desogestrel-containing OCP (mean BMI 25.9). Fasting insulin and
insulin resistance as measured by homeostatic model assessment (HOMA) significantly
improved, as did biochemical and clinical markers of hyperandrogenism.

Armstrong et al. (73) utilized the euglycemic hyperinsulinemic clamp method to
evaluate insulin action in 11 patients with PCOS and 13 controls (with BMI of 27.3 and
25.3, respectively). During clamp studies, the glucose infusion rate required to maintain
euglycemia was lower in PCOS compared with controls but similar in PCOS before
and after treatment with a cyproterone acetate OCP. In a study by Elter et al. (74), 40 non-
obese patients with PCOS were assigned either a cyproterone-containing OCP or to the
same OCP plus metformin and treated for 4 months. Although the addition of metformin
improved insulin sensitivity, as measured by the glucose/insulin ratio and reduced BMI,
those receiving only OCPs had no significant change in BMI or insulin sensitivity after
the 4 months. Cibula et al. (75) evaluate non-obese PCOS subjects (BMI < 30) during
treatment with OCP of low androgenicity (norgestimate) and compared 13 women with
PCOS with 9 controls. Hyperinsulinemic euglycemic clamp studies showed no deteriora-
tion in glucose disposal rate, insulin sensitivity index, or metabolic clearance rate of
glucose, after 6 months of treatment.

Morin-Papunen et al. (7/) extended their original studies of obese patients with PCOS
to the study of non-obese patients with PCOS who were treated with either metformin or
cyproterone acetate OCP (76). Seventeen non-obese patients with PCOS (BMI < 25) were
randomized to treatment and euglycemic clamp studies were performed. Metformin did
not affect glucose tolerance or insulin sensitivity but fasting insulin declined and menstrual
cyclicity improved. The OCP did not significantly affect glucose tolerance, serum insulin,
or insulin sensitivity but slightly increased the BMI. Cagnacci et al. (77) compared
monophasic (35 pg EE) cyproterone acetate-containing pills with a biphasic (40/30 EE)
desogestrel pill in lean women with PCOS (BMI < 25). Glucose tolerance was evaluated
using an oral GTT and the minimal model intravenous GTT was also performed. The
cyproterone pill improved insulin sensitivity that was impaired by the desogestrel pill.

Sabancu et al. (78) evaluated the use of a cyproterone OCP, along with sibutramine, in
obese patients with PCOS. They were compared with PCOS given OCPs alone or sibu-
tramine alone. All were advised to follow a calorie-restricted diet and had oral GTTs.
All groups lost significant weight, even those on OCP alone. Waist-to-hip ratios, blood
pressure, and triglycerides were significantly reduced only in the sibutramine group.
Glucose and insulin AUC were unchanged before vs after OCP alone, but AUC insulin
was lower in the sibutramine group than in the OCP group after treatment. The combi-
nation of OCPs and sibutramine resulted in lower BMI, decreased AUC for insulin, and
glucose as compared with pretreatment values. Ibanez and Zegher (79) assessed the
metabolic impact of the addition of a gestodene-containing OCP to metformin-
flutamide in 24 non-obese young women (mean age 18.7 years) with PCOS (12 received
OCP and 12 did not; all received flutamide and metformin). The beneficial effects
of the flutamide-metformin combination on hyperinsulinemia were maintained in
contraceptive-treated women, with an additional drop in the free androgen index.
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Vrbikova et al. (80) compared oral vs transdermal estrogen, along with oral cyproterone
acetate in 24 women with PCOS (BMI 24.5 + 3.9). Euglycemic clamp studies were per-
formed. In those on oral estrogen (OCP group), but not in the transdermal group, insulin
sensitivity decreased significantly and total and HDL cholesterol increased signifi-
cantly. Guido et al. (87) performed oral GTTs and euglycemic hyperinsulinemic clamp
studies in 15 hirsute patients (mean BMI < 25) with PCOS given a drospirenone-
containing OCP. Hirsutism significantly improved as did the free androgen index. The
treatment did not affect glucose—insulin homeostasis. Palep-Singh (82) studied 13 subjects
with PCOS treated with a drospirenone OCP. While acne improved, there was a signifi-
cant increase in fasting insulin and triglycerides. Cibula et al. (83) evaluated the role of
a combination of a norgestimate-containing OCP and metformin vs the OCP therapy
alone in 28 patients with PCOS (mean BMI < 25). Euglycemic clamp studies were
performed. There were no significant changes in anthropometric parameters, fasting
glucose, or insulin sensitivity in either group. Androgens decreased significantly in
both groups though a more pronounced effect on free androgen index was noted in the
combination treatment group.

Carbohydrate Metabolism and OCP Use in PCOS: Discussion

The variable results of epidemiological studies of the effects of OCPs on carbo-
hydrate metabolism in the general population, discussed in a previous section
(Metabolic and Vascular Effects of OCP), highlight the potentially confounding effects
of different doses of estrogen, differing progestins, different formulations, and the
genetic and anthropometric make-up of the population studied. Existing evidence supports
the notion that estrogen may impair insulin action (50). This is supported by its use in
postmenopausal women in whom higher doses of estrogen were associated with insulin
resistance (84). The progestin component may modify these effects, for example, by
increasing insulin half-life, decreasing estrogen elimination, or other effects (50,84).

A further and important confounding variable is also differences in androgenicity of
different progestins. Existing evidence supports the concept of androgen mediated
insulin resistance. This data comes not only from the study of subjects with PCOS, but
also from studies on female-to-male transsexuals who were treated with testosterone,
showing not only decreased insulin sensitivity (85) but accumulation of visceral fat
(86). Thus, it is not surprising that comparison of different OCPs in normal women, as
well as PCOS, has found differing effects on carbohydrate metabolism. Finally, it
appears highly likely that differences in the genetic and anthropometric make-up of the
population studied may also affect the outcome. For example, in a study by Watanabe
(87) high-dose estrogen OCP users of a norgestrel pill did not differ from controls, but
low-dose estrogen users with the same progestin had lower insulin sensitivity and glucose
effectiveness. They suggested that the high-dose users may have represented a special
self-selected population.

In relation to PCOS and the effects of OCP on carbohydrate metabolism, all the
previously described variables may apply, compounded by differences in the patient
population studied. As is evident from the studies previously quoted, carbohydrate
metabolism may deteriorate, improve, or remain unchanged. Different results have
even been obtained by the same authors according to the patient population studied
(71,76). In addition, different preparations have yielded different outcomes, such as
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cyproterone acetate vs desogestrel in the study of Cagnacci (77) and gestodene vs
drospirenone in the study of Ibanez and Zegher (88), as have routes of administration
of estrogen (80). Importantly, even without OCP, the natural history of PCOS may lead
to increasing insulin resistance, as was demonstrated in the study by Pasquali et al. (70),
after approx 10 years of follow-up and with weight gain in the interval.

In the ensuing discussion, reference will be made to an arbitrary scale of endogenous
insulin sensitivity among subjects with PCOS, determined genetically, environmentally,
and by other factors. Applying the hypothesis that the effect of OCPs on carbohydrate
metabolism in PCOS relates to the interplay of the previously described factors, four
hypothetical groups will be presented and are depicted in Table 1. The outcome, or effect,
of OCPs on carbohydrate metabolism will be determined by the interplay of factors
such as the women’s androgenicity, the androgen-lowering effect of the OCPs, endogenous
insulin sensitivity, and obesity/anthropometric differences. Even differences in andro-
genicity of the progestin may tip the balance one way or the other (77,88).

* Group I: These subjects with PCOS have near normal insulin sensitivity. Their only
adverse factor is their androgenicity. When OCPs lower their free androgen concentra-
tions, their insulin sensitivity may improve. Typical examples are thin patients with
PCOS. Despite the potential for estrogen-mediated insulin resistance, they improve
when their androgens are lowered.

* Group II: These subjects with PCOS may have mild endogenous insulin resistance,
perhaps aggravated by their androgenicity. In response to OCPs, their insulin sensitiv-
ity/glucose tolerance remains unchanged. It may be that estrogen-induced impairment
is balanced by the lowering of circulating free androgens. Normal-weight patients with
PCOS or mildly overweight patients, possibly with a genetic predisposition, would fall
into this category.

* Group III: These subjects with PCOS will show deterioration of glucose tolerance or
insulin sensitivity with OCPs. Despite the lowering of free androgens, estrogen-mediated
insulin resistance, in the setting of lower endogenous insulin sensitivity, determined
both genetically and environmentally (obesity), swings the individual toward increasing
resistance. Puberty, which is a time of greater insulin resistance, even in normal-weight
girls (89), may also fall into this category.

* Group IV: These subjects with PCOS will show even greater deterioration with OCPs,
sometimes leading to frank diabetes, even with short-term use, as in the study of Nader
et al. (69). Most of these will be severely obese; often there is a strong family history
of diabetes. It may even be that the greater the endogenous insulin resistance, the
greater the estrogen-induced deterioration, and there is support in the literature for this
effect (50).

As previously stated, the natural history of these groups, even in the absence of
OCPs, may also be different, making it even more difficult to sort out these effects. The
study of Pasquali et al. (70) demonstrated this phenomenon. In that study, follow-up of
subjects with PCOS for a mean of 10 years showed the group who never took OCPs
(who were obese with higher BMI and who gained significant weight) deteriorated, as
regards their glucose tolerance, whereas the group who took OCPs actually improved
(more normal in weight with lower BMI).

Further support for the previously described overall concept comes from the study of
Dahlgren et al. (90). The authors compared treatment with 50 ug EE plus 100 mg
reverse sequential cyproterone acetate vs gonadotropin-releasing hormone analogs in
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Table 1
Effects of OCP on Glucose Tolerance/Insulin Sensitivity in PCOS Subjects
Grouped According to a Hypothetical Scale of Endogenous Insulin Sensitivity,
Determined Genetically, Environmentally or by Other Factors (I highest, IV lowest)
Determinants of insulin sensitivity Carbohydrate metabolism:
Group Genetic Environmental/other Outcome with OCP’ References
I Normal Impaired by Improvement 70,72,77°
androgens
II Normal or Impaired by No change 67,73,74,75,
mildly androgens, 76,78,81,83
impaired mild obesity
11 Mild or Impaired by Deterioration 68,71,77"
moderately androgens, 80,82
impaired moderate obesity,
puberty
1AY Moderate or Impaired by Deterioration 69
severely androgens, leading to
impaired severe obesity diabetes

Cyproterone acetate containing pill.
**Desogestrel containing pill.
tSee text for explanation.

overweight subjects with PCOS. Hyperinsulinemic euglycemic clamp studies were
performed. There was a significant reduction in free androgens in both groups. However,
whereas the group using gonadotropin-releasing hormone analogs had an improvement
in insulin sensitivity, presumably because of lowering of androgens and possibly also
endogenous estrogens, the EE—cyproterone group deteriorated (representing Group 111
in the previously listed schema). Weight loss itself may modify the grouping. In the
study of Sabancu et al. (78), patients received OCPs vs the weight-reducing drug sibu-
tramine, or both. In the group receiving OCPs in addition to diet (leading to significant
weight loss) there was no change in carbohydrate tolerance, whereas the subjects receiving
both sibutramine and OCPs improved (they went up a group presumably because of
more significant weight loss).

METABOLIC EFFECTS OF OCP IN PCOS: LIPID METABOLISM

Lipid Metabolism and OCP Use in PCOS: Results of Individual Studies

Cullberg et al. (97) compared lipid and lipoprotein effects in 20 patients with PCOS
and 13 controls given a 30-pug EE pill containing desogestrel. Two-thirds of the patients
with PCOS were overweight (but none of the controls) and had higher blood pressure.
Treatment resulted in increase of cholesterol and triglycerides without changes in LDL
or HDL in the subjects with PCOS, with an increase in HDL in the controls. There was
a greater increase in triglycerides in the women with PCOS. The author concluded that
a positive influence on lipids could not be considered an advantage of OCP treatment in
women with PCOS. In the study by Falsetti and Pasinetti (67) a low-dose cyproterone
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OCP was given to 72 women with PCOS and compared with healthy controls. A signifi-
cant increase in triglycerides (greater than in controls) and HDL was seen, and LDL
was reduced. Twenty-eight of the subjects were overweight. Dodin et al. (92) found
that, whereas flutamide alone had no significant effect on lipoproteins, the addition of a
triphasic OCP lead to increased concentrations of triglycerides and HDL. In Korythowski’s
study (68), although subjects with PCOS had higher baseline triglycerides, there was
no further increase with the norethindrone-containing OCP.

In the study by Pasquali et al. (70) that compared PCOS pill users vs non-users,
HDL cholesterol increased in pill users. Escobar-Morreale et al. (72) evaluated 16 hirsute
women (5 oligomenorrheic) before and 6 months after a desogestrel-containing OCP
(mean BMI 25.9). HDL, LDL, and total cholesterol increased without a significant
change in triglycerides. Although LDL remained within the normal range, low HDL
concentrations were normalized in four out of seven patients. Cibula et al. (93) com-
pared the effects of OCP in 28 lean and 15 obese subjects with PCOS, and noted no
change in LDL/HDL ratio in either group, with greater clinical and biochemical
improvement in androgenicity in lean subjects.

Mastorakos et al. (94) compared a desogestrel-containing OCP with one containing
cyproterone and although both pills led to a significant decrease in hirsutism, the level
of triglycerides increased significantly only in the cyproterone group. The ratios of
LDL/HDL were unchanged.

Guido et al. (81) gave a drospirenone-containing OCP to 15 hirsute patients with
PCOS (mean BMI <25). A trend toward increase in cholesterol (HDL and LDL choles-
terol) and triglycerides was observed, although all parameters remained in the normal
range. In the study of Vrbikova et al. (80), total and HDL cholesterol increased signifi-
cantly following a cyproterone containing OCP. Rautio et al. (95) reported on the lipid
effects of a cyproterone-containing OCP in obese and non-obese women with PCOS.
There were significant increases in total cholesterol, HDL cholesterol, and triglycerides
and a decrease in the total cholesterol:HDL ratio in the treated women. Subgroup analysis
of obese vs non-obese patients showed similar trends.

Lipid Metabolism and OCP Use in PCOS: Discussion

In general, the studies show an increase in HDL cholesterol, presumably related to
the estrogen component of OCPs. The majority also show significant increases in
triglycerides, especially in cyproterone acetate-containing pills, presumably related to
their lower androgenicity.

METABOLIC EFFECTS OF OCP IN PCOS: OTHER EFFECTS

Ibanez and Zegher (96) observed body adiposity and effects on adipocytokines of an
OCP containing drospirenone with and without a flutamide—metformin combination in
adolescents. At the start, the proinflammatory marker levels were high (interleukin-6),
whereas those of the anti-inflammatory marker adiponectin were low. Abnormal
adipocytokine levels, hypertriglyceridemia, and body adiposity diverged further from
the norm in the adolescents on OCPs, whereas girls receiving the flutamide—metformin
combination reverted all study indices toward normal and lost part of their fat excess.
They also looked at young women who were randomized to the OCPs with or without
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metformin—flutamide. Again, abnormal adipocytokines and adiposity were aggravated
on OCP alone and improved in the women on OCPs with metformin and flutamide.
They concluded that OCPs alone may not be a prime choice for PCOS. Ibanez et al. (97)
also showed the pivotal role of adding low-dose flutamide to an OCP regimen containing
drospirenone to help improve the hypoadiponectinemia and central adiposity of lean
young women with PCOS, age approx 17 years. Finally, Ibanez and Zegher (98) studied
the additive effects of metformin in young women (approximate age and BMI 19 and
22, respectively) given a drospirenone OCP and flutamide. The addition of metformin
consistently had more normalizing effects on interleukin-6, adiponectin, abdominal fat
excess, and lean body mass. In a separate study, they discontinued metformin in some
patients receiving flutamide—metformin OCPs and continued it in others. Similar advan-
tageous effects of continuing metformin were found.

CONCLUSIONS AND KEY POINTS

The literature previously reviewed generally supports the conclusion reached by
Vrbikova and Cibula (99), that therapy should be tailored to the individual. Furthermore,
evidence presented in this chapter supports the following concepts:

1. Estrogen may impair carbohydrate tolerance and insulin sensitivity, and this may be
dose dependent. This effect may also be dependent on the endogenous insulin sensitiv-
ity of the individual.

2. Progestins with intrinsic androgenic properties may also impair insulin sensitivity and
glucose tolerance.

3. Lowering of free androgens may improve insulin sensitivity and glucose tolerance in
some subjects.

4. The composite effect of OCPs on glucose tolerance and insulin sensitivity may be
determined by the interplay of the above with the endogenous insulin sensitivity of the
individual, which itself is determined genetically, environmentally, and by other factors.
The environmental influence may also vary over time.

5. The effect of OCPs on lipid metabolism relate to estrogen induced increases in HDL
and triglycerides. The latter effect may be attenuated by pills of greater androgenicity.
The analysis of these composite effects on individual subjects will require the develop-
ment of appropriate clinical and laboratory tools and provides a stimulus for future
research endeavors.

Inasmuch as OCPs have the potential for impairment of glucose tolerance and insulin
sensitivity in many subjects with PCOS and given that this effect alone may increase the
potential risk for cardiovascular disease (as may changes in lipid metabolism and coag-
ulation parameters), OCPs should be used cautiously in at least some subgroups of patients
with PCOS. These include the obese, those with strong family histories of diabetes, and
perhaps adolescents, given the lower endogenous insulin sensitivity in these subgroups.
Consideration should, therefore, be given to the concomitant use of agents that may
modify these effects, such as biguanides, thiazolidinediones, and androgen blockers in
appropriate individuals.

FUTURE AVENUES

The hypothesis outlined in this chapter can be validated using appropriately designed
clinical studies. Laboratory tools useful in the clinical setting need to be determined,
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developed, and validated. Finally, it is important to educate both physicians and the
public about potentially adverse long-term effects of OCPs in patients with PCOS who
are at-risk individuals, particularly during the adolescent to adult transition.
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Summary

Infertility in polycystic ovary syndrome (PCOS) is characterized by anovulation and early
pregnancy loss. A key component of PCOS is the presence of insulin resistance and compensatory
hyperinsulinemia, which has an important role in the pathogenesis of infertility. As a result, insulin-
sensitizing agents such as metformin and thiazolinediones have been studied in women with PCOS
with the goal of improving ovulation.

Multiple studies have demonstrated the effectiveness of metformin in improving ovulatory rates
as a single agent and in combination with clomiphene citrate. Pregnancy rates are also increased
when metformin is added to clomiphene. In addition, metformin with follicle-stimulating hormone
induction may minimize ovarian hyperstimulation, although studies are limited. Recent data sug-
gests metformin improves the endometrial environment during the peri-implantation period, thereby
decreasing the rate of early miscarriage.

Rosiglitazone and pioglitazone monotherapy increase ovulatory rates, as well as the combination of
clomiphene and rosiglitazone. Prelimary studies suggest that thiazolinediones may be more effective in
obese women with PCOS compared with metformin in improving ovulation. However, with the thiazo-
linediones as category C pregnancy drugs, their use as fertility agents is less clear than metformin.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common cause of infertility among
premenopausal women, affecting 6-10% in their reproductive years (/,2). The infertility
is primarily anovulatory, and 75% of women with oligo-amenorrhea have PCOS (3).
PCOS is also characterized by increased early pregnancy loss. In the past, medical
options for the treatment and management of anovulation included anti-estrogens, such
as clomiphene citrate or gonadotropins, for induction of ovulation. More recently,
insight into the pathogenesis of PCOS has linked insulin resistance and compensatory
hyperinsulinemia with hyperandrogenism, which in turn may impair ovulation (4-6).
As a result, researchers have increasingly focused on evaluating insulin-sensitizing
agents as therapeutic alternatives for managing women with PCOS desiring fertility.

PHARMACOLOGY OF INSULIN-SENSITIZING AGENTS

Metformin

Metformin is in the class of biguanides, the only one available in the United States,
and has been on the market worldwide for the treatment of type 2 diabetes since 1957.
Its primary action is to increase insulin sensitivity in peripheral tissues, particularly the
liver and muscle. In the liver, metformin decreases basal glucose output by enhancing
insulin’s action to suppress gluconeogenesis. In addition, insulin-mediated glucose uptake
in the muscle is increased by metformin as well. Because it does not enhance insulin release,
metformin does not cause hypoglycemia in nondiabetic patients (7). It is a category B
drug for use in pregnancy.

Side effects of metformin most commonly involve the gastrointestinal tract, such as
cramping, nausea, and diarrhea, and occur in 5-20% of patients (8). These are reversible
or minimized by taking the drug with food and starting at a low dose of 500 mg daily
and slowly titrating upward to a maximum dose of 2000 mg daily. The most serious
adverse reaction of metformin is lactic acidosis. This adverse reaction is rare, and it is
more common in individuals with cardiac and renal insufficiency (9).

Thiazolinediones

A second class of insulin-sensitizing agents includes the thiazolinediones, to which
three drugs belong: troglitazone, rosiglitazone, and pioglitazone. These are synthetic
agonists of the nuclear peroxisome proliferator-activated receptor-y (PPARY) that is
predominantly expressed in adipose tissue, but also in muscle and the liver. Activation
of PPARY increases gene transcription that ultimately increases insulin sensitivity in the
liver, muscle, and adipose tissue. As a result, glucose uptake is enhanced and insulin
levels are decreased in insulin-resistant nondiabetic individuals. Like metformin, hypo-
glycemia does not occur.

In 1997, troglitazone was approved for treatment of type 2 diabetes; however, the
US Food and Drug Administration (FDA) withdrew it from the market in 2000 because
of hepatotoxicity. Since then, both rosiglitazone and pioglitazone, introduced in 1999,
are available for treatment of type 2 diabetes (/0). Pioglitazone binds to the PPARY
receptor with 10- to 15-fold greater affinity than troglitazone, whereas rosiglitazone is the
most potent, with an affinity 100-fold greater than troglitazone (11,12). Both rosiglitazone
and pioglitazone are category C drugs for pregnancy.
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INSULIN-SENSITIZING AGENTS AS MONOTHERAPY

Metformin

The most extensively studied insulin-sensitizing agent in PCOS is metformin.
Metformin was first used in 1994 in an uncontrolled observational study, where 26 women
with PCOS received metformin for 8 weeks, resulting in improvements in insulin
sensitivity and decreases in serum androgens. During that time, menstrual cyclicity normal-
ized in seven women, and three spontaneous pregnancies occurred (13). Nestler et al.
performed the first randomized and placebo-controlled trial assessing ovulation in
response to metformin in an unselected group of women with PCOS. Twelve of 35 women
(34%) treated with 500 mg metformin three times daily spontaneously ovulated after
5 weeks, with a mean serum progesterone higher than 13 ng/mL compared with 1 of
26 women (4%) given placebo (p < 0.001) (14).

Because of many studies containing small numbers of patients and variable dura-
tions of treatment, a meta-analysis for the Cochrane review was published in 2003 that
included only randomized, controlled trials to determine if a true benefit occurred with
metformin (/5). Among the seven studies included in the analysis of metformin
monotherapy, study subjects were both clomiphene-resistant and sensitive. The study
did not show any heterogeneity or bias. As seen in Fig. 1, the ovulation rate was 46% when
subjects were treated with metformin alone compared with 24% when subjects were
treated with placebo. Therefore, this analysis demonstrated that metformin induced
ovulation significantly more often than placebo (p < 0.0001). The number needed to
treat was 4.4, indicating that the use of metformin in doses of at least 1500 mg daily is
very effective for managing anovulatory patients with PCOS.

When the authors of this analysis reviewed the data on pregnancy rates in five trials,
there was no evidence of benefit of metformin over placebo. However, none of the trials
targeted pregnancy as a primary outcome variable, and all of them were of short duration,
1.e., less than 4 months.

Most recently, metformin was directly compared with clomiphene citrate in a random-
ized double-blinded crossover trial of 100 nonobese women with PCOS who desired
pregnancy (16). After 6 months, the ovulation rate was similar between the two groups
(63% with metformin and 67% with clomiphene). The pregnancy rate per ovulatory
cycle, however, was significantly higher in the metformin group. In addition, the cumu-
lative pregnancy rate in the metformin group (69%) was significantly greater than the
clomiphene group (34%). In other words, administering metformin to three women
with PCOS will lead to one pregnancy. Over the 6-month period, metformin continued
to be effective, whereas clomiphene’s success in inducing ovulation decreased after
multiple cycles. This suggests that metformin alone is superior to placebo and
clomiphene for treatment of anovulatory infertility associated with PCOS.

Troglitazone

Although troglitazone has been withdrawn from the market, it will be discussed
briefly for historical reasons. Five trials studied the treatment of women who had PCOS
with troglitazone (/7-21). Three of these studies specifically evaluated ovulation
(17,20,21). These studies showed that treatment with troglitazone increased the ovulatory
rate in unselected and clomiphene citrate-resistant women. The largest double-blind,
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Comparison: Metformin versus placebo or no treatment (clinical outcomes)
Outcome: Ovulation rate
Peto odds ratio

Treatment Control (95% fixed) Weight Peto odds' ratio
Study n/N n/N % (95% Cl fixed)
Fleming 2002 37/45 30/47 - 354 2.51 (1.01 to 6.25)
Jakubowicz 2001 8/28 0/28 S 134 9.89 (2.24 to 43.61)
Nestler 1996 5/11 113 VR 9.0 6.89 (1.12 to 42.33)
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Ng 2001 3/9 3/9 ERE N GeRTS 8.1 1.00 (0.15t0 6.72)
Vandermolen 2001  1/12 115 AMEAENAS b AR 3.7 1.26 (0.07 to 21.72)
Yarail 2002 6/16 116 [ 10.9 5.88 (1.13 to 30.61)
Total (95% Cl) 72/156 37/154 - 100.0 3.88 (2.25 t0 6.69)
Test for heterogeneity: x?=6.05, df=6, P=0.42 01 0.1 1 10 100
Test for overall effect: z=4.89, P<0.00001 Favours Favours
control treatment

Fig. 1. Metformin compared with placebo or no treatment-ovulation rate. (Lord JM, Flight IH,
Norman RJ. Metformin in polycystic ovary syndrome: systematic review and meta-analysis. BMJ
2003;327[7421]1:951-953. Reproduced with permission from the BMJ Publishing Group.)

placebo controlled trial evaluated the effects of 44 weeks of escalating doses of troglitazone
on ovulatory function in 305 women with PCOS (17), and a clear dose—response was
observed with increasing doses of troglitazone. With the intake of 600 mg of troglita-
zone daily, 57% of the subjects ovulated 50% of the time. In addition, the average time
to resumption of ovulation in the subjects with PCOS taking 600 mg of troglitazone
was briefer (53 days) as compared with the subjects with PCOS taking 150 mg or a
placebo daily (88 and 107 days, respectively). The unplanned pregnancy rate was also
significantly higher in the troglitazone-treated group (5.9%) compared with the placebo
group (1.4%).

Rosiglitazone

Four studies since 2003 have evaluated the effect of rosiglitazone in women with PCOS.
Three studies examined obese women with PCOS and one study examined nonobese
women with PCOS (22--25). The first prospective, uncontrolled study included 24
obese women with PCOS who were treated daily with 4 mg of rosiglitazone for 3 months
(23). By the second month, one patient became pregnant despite the request of the
investigators to use barrier contraception. Menstrual cycles were restored in 22 of the 23
remaining participants (95%). Progesterone was not measured in this study to confirm
ovulation.

More recently, Sepilian et al. prospectively assessed 12 obese patients with PCOS
with an average body mass index (BMI) higher than 40 mg/m? and severe insulin resist-
ance as defined by acanthosis nigricans on examination (25). The subjects were treated
with 4 mg of rosiglitazone daily for 6 months. Within 3 months, spontaneous menstruation
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occurred in 11 of the 12 women (91%), and ovulation was confirmed with a serum
progesterone greater than 5 ng/mL on day 21.

In a randomized control trial, Ghazeeri et al. compared rosiglitazone with or without
clomiphene citrate in previously clomiphene-resistant women with PCOS (24). Patients
were treated with rosiglitazone at a dose of 4 mg twice daily for 2 months. Among the
subjects receiving rosiglitazone monotherapy, 4 of the 12 subjects ovulated (33%), as
defined by a serum progesterone higher than 5 ng/mL. One of the subjects became
pregnant, which resulted in a successful live birth. The ovulation rate in this study was
low compared to the first two discussed, and the discrepancy was most likely related to
the difference in duration of treatment. Ovulation occurred at 3 months in the majority
of the patients in the prospective studies previously discussed.

Unlike the prior studies, Baillergeon et al. assessed the frequency of ovulation in 100
nonobese women with PCOS who had normal indices of insulin sensitivity in a randomized,
controlled trial (22). These subjects were treated with either rosiglitazone (4 mg bid),
metformin (850 mg bid), a combination of rosiglitazone and metformin, or placebo.
After 6 months, the ovulation rates were 100% in subjects treated with metformin or
with the combination, 91% in subjects treated with rosiglitazone, and 37% in subjects
treated with placebo (p < 0.001). The difference in ovulation rates between the met-
formin and combination group compared with rosiglitazone was statistically significant
(p < 0.05). Figure 2 shows that ovulation rates increased every month in each group
until months 5 and 6.

These studies indicate the rosiglitazone is effective in inducing spontaneous ovulation
in both obese and nonobese patients with PCOS. In nonobese patients, it is less effective
than metformin and there is no benefit in combining the two drugs. There may be a
greater benefit of combination therapy in obese patients, but no randomized control
trial comparing rosiglitazone to metformin in this population has been performed.

Pioglitazone

Few studies have examined the effectiveness of pioglitazone in the treatment of PCOS.
One randomized, controlled trial compared 30 mg of pioglitazone daily to placebo in 35
women with PCOS (26). After 3 months, pioglitazone significantly decreased insulin
resistance and the free androgen index, and increased serum sex hormone-binding globulin.
Forty-one percent of women on pioglitazone experienced normalization of menstrual
cycles and ovulation compared with 5.6% of women on placebo (p < 0.02).

Glueck et al. have studied the effect of adding pioglitazone on ovulation rates in
women with PCOS who had failed to ovulate while on metformin therapy (27). Prior
studies (/3,28-30) had showed a failure rate of up to 23% for menstrual cycle normal-
ization in patients with PCOS who were treated with metformin. Eleven obese patients
with PCOS who were considered nonresponders to metformin after 1 year (defined as
a 3-month menses rate of 46% compared with 78% in responders) started 45 mg of
pioglitazone daily for 10 months while remaining on metformin. During the first 3 months,
67% of expected menses occurred and over 9 months, the percentage increased twofold
compared with metformin alone.

One study compared pioglitazone to metformin head-to-head in a randomized control
trial (317). Twenty-five obese women with PCOS, all with acanthosis nigricans, received
30 mg of pioglitazone daily and 27 women received 850 mg of metformin three times
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Fig. 2. Monthly ovulation rates in nonobese women with the polycystic ovary syndrome and normal
indices of insulin sensitivity after administration of insulin-sensitizing drugs or placebo for 6 months.
Values are the number of women who ovulated during each month in a group, divided by the total
number of subjects in that group. p < 0.001 for differences among months using mixed-model
repeated-measures logistic regression. (Adapted from ref. 22.)

daily for 6 months. The primary end point was metabolic parameters of insulin resistance;
however, 29% (five) of women on pioglitazone and 17% (three) on metformin became
pregnant during the trial. Ovulatory rates were not assessed in this study.

INSULIN-SENSITIZING DRUGS WITH CLOMIPHENE CITRATE

Clomiphene citrate induces ovulation because of its anti-estrogenic effects on the
pituitary leading to increased production of luteinizing hormone and follicle-stimulating
hormone (FSH). It has been the primary therapy for management of infertility in patients
with PCOS. The success rate is reported as 70-80% for ovulation induction, but a
pregnancy rate of only 30-40% (32). Obese women with PCOS are more resistant to
the ovulation effects of clomiphene, and these patients require higher doses to induce
ovulation (33). Twenty-five percent of patients with PCOS fail to respond to clomiphene
and are called CC-resistant. CC-resistance appears to vary proportionately with
insulin resistance in women with PCOS (34). Thus, multiple studies have used insulin-
sensitizing agents in conjunction with clomiphene to evaluate the effect on fertility.

Metformin

Two meta-analyses have assessed the effectiveness of metformin with clomiphene
(15,35). Both used different studies in their analysis but yielded similar results. Lord et al.
included three trials, two of which included CC-resistant patients (36,37). The ovulation
rate was significantly improved when metformin was added to clomiphene (76%)
compared with clomiphene alone (42%). The third trial included patients sensitive to
clomiphene, and did not show evidence of an added benefit of metformin compared with
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clomiphene alone. However, the pregnancy rate in the three trials did show a significant
treatment effect for the combination of metformin and clomiphene (p = 0.0003).

Similarly, Kayshap et al. analyzed the ovulation rates in four studies and the pregnancy
rates in two studies that compared combination metformin and clomiphene treatment to
clomiphene alone (35). Combination treatment resulted in a three- to fourfold increased rate
of ovulation and pregnancy compared with clomiphene alone, as seen in Fig. 3. These
studies support the theory that insulin-sensitizing agents improve the insulin resistance
seen in previously CC-resistant women.

Rosiglitazone

Two randomized, controlled studies have examined the effect of rosiglitazone with
clomiphene on ovulation. Ghazeeri et al. evaluated the ovulation rate as a primary out-
come in previously clomiphene-resistant women. Subjects were randomized to treatment
with 4 mg of rosiglitazone twice daily and either 50 mg of clomiphene citrate or placebo
on days 5-9 of their cycle (24). Seventy-seven percent of women (10 of 13) treated
with rosiglitazone and clomiphene ovulated after 2 months, compared with 33% on
rosiglitazone alone. This suggests that when rosiglitazone is added to a low dose of
clomiphene citrate, ovulation is improved within a short period of time. As prior studies
showed, ovulatory rates with rosiglitazone monotherapy are higher after 3-6 months of
treatment. Only one study has compared clomiphene with rosiglitazone to clomiphene
monotherapy for ovulation induction (38). Clomiphene citrate, in doses of 100 mg, was
given to 25 patients taking 4 mg of rosiglitazone or placebo for 3 months. Recovery of
ovulatory menstrual cycles occurred in 72% of patients in the combination group com-
pared with 48% receiving clomiphene monotherapy.

INSULIN-SENSITIZING DRUGS WITH FSH INDUCTION

In women who have failed clomiphene, a non-surgical next step to restore ovulation
is administration of exogenous gonadotropins. One of the main risks of this procedure
is ovarian hyperstimulation, which can lead to multiple gestations. Deleo evaluated the
effect of metformin in patients with PCOS undergoing FSH stimulation (39). Twenty
women were randomized into two groups. The first group received 500 mg of met-
formin three times daily for 1 month prior to undergoing stimulation with urinary
FSH for one cycle. The second group received two cycles of FSH alone, followed by a
1-month treatment with metformin combined with FSH for the third cycle. At baseline,
no significant differences existed between the two groups. However, the group treated
with metformin prior to receiving gonadotropins had significantly fewer follicles
greater than 15 mm on the day hCG was administered. In addition, no cycles in the
combined metformin—FSH group had hCG withheld because of excessive follicular
development compared with 31.5% of cycles in the FSH-alone group. A similar effect
was observed when the patients in the FSH-alone group received metformin prior to
their third cycle with FSH. This suggested that pretreatment with metformin allowed
for a decrease in follicular hyperstimulation and more orderly induction of ovulation
with FSH in patients with PCOS.

Yarali et al. reported the only randomized placebo-controlled trial of metformin with
FSH in patients with CC-resistant PCOS (40). These investigators evaluated the low-dose
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Fig. 3. Comparison of metformin + clomiphene citrate (CC) versus placebo + CC in infertile patients.
The upper panel shows the outcome ovulation and the lower panel the outcome pregnancy. RR =
relative risk. Generated from Meta-view 4.0. (Adapted from ref. 35.)

step-up protocol with recombinant FSH, which improved monofollicular development
and minimized ovarian hyperstimulation. Thirty-two women were randomized to
placebo or 850 mg metformin twice daily for 6 weeks. Patients with spontaneous ovulation,
six in the metformin group and one in the placebo group (p < 0.05), were excluded
from treatment with recombinant (rFSH). After completion of the low-dose protocol,
there was no difference between monofollicular or multifollicular development, estra-
diol level, endometrial thickness, or total dose of rFSH. Ovulatory rates (90% metformin
and 73% placebo) and pregnancy rates per cycle (three in the metformin group and one
in the placebo group) did not differ significantly between the two groups. This study
suggests that metformin does not influence FSH-induced ovulation. However, De Leo
and Yarali were limited by their small sample sizes. Additional research in this area is
needed before making recommendations for or against the adjuvant use of metformin
with gonadotropin induction.

INSULIN SENSITIZERS AND EARLY PREGNANCY LOSS

Women with PCOS are not only faced with difficulties conceiving, they also have an
increased risk of miscarriage once they do become pregnant, either spontaneously or
through induction. Within the first trimester, rates of early pregnancy loss of clinically
recognized pregnancies are reported to be 30-50% (41-43), approximately threefold
higher than the rates for normal women (44).
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Hyperinsulinemia has been shown to be an independent risk factor for early preg-
nancy loss in obese insulin-resistant women (45). Recent evidence suggests that hyper-
insulinemia may contribute to an inhospitable endometrial environment and promote
early pregnancy loss. Two endometrial secretory proteins, glycodelin, and insulin-like
growth factor binding protein (IGFBP)-1, are decreased in women with PCOS during
the first trimester of pregnancy (46). Glycodelin, produced during the luteal phase by
endometrial glands, may assist in implantation and maintenance of pregnancy through
inhibition of the maternal immune response to the embryo (47,48). IGFBP-1 is produced
by the endometrium during pregnancy and facilitates adhesion during implantation
(49). One study demonstrated that insulin reduction by metformin in women with PCOS
was associated with improvements in the circulating levels of glycodelin and IGFBP-1
during the luteal phase, presumably reflecting an improvement in the endometrial
milieu throughout the implantation period and suggesting that hyperinsulinemia inhibits
expression of glycodelin and IGFBP-1 in PCOS (50). In addition, treatment with met-
formin improved uterine vascularity. This latter effect was recently confirmed in women
with PCOS by Palomba et al. as well (51).

Two studies have specifically assessed the effect of metformin on early pregnancy loss
in women with PCOS. Glueck et al. studied 19 women prospectively during conception
and throughout gestation on metformin (52). Normal live births occurred in 11 patients
(58%), 2 had first-trimester spontaneous abortions (10.5%), and 6 had ongoing preg-
nancies. Glueck et al. evaluated prior miscarriage history and found that 10 of these
women had 22 previous pregnancies while not taking metformin. Six (27%) of these
previous pregnancies resulted in normal live births and 16 (73%) resulted in first-
trimester spontaneous abortions. The rate of miscarriage in these women with PCOS
while taking metformin was 10%. Thus, metformin appeared to reduce the rate of mis-
carriage to that seen in the normal population.

This is consistent with the results reported in a controlled, retrospective study by
Jakubowicz et al. (53). A total of 65 women with PCOS had been treated with metformin
throughout their pregnancies and compared with 31 women with PCOS who had not
received metformin and served as the control group. As shown in Table 1, 6 of 68 (8%)
pregnancies resulted in miscarriage in the metformin treated group, whereas 13 of 31
(42%) pregnancies resulted in miscarriage in the untreated group (p < 0.001). The
decrease in miscarriage rate was significant regardless of the patient’s history of prior
pregnancy loss. These studies suggest that use of metformin during pregnancy decreases
the rate of early pregnancy loss in women with PCOS, including those who have
experienced prior miscarriages.

More recently, two head-to-head studies comparing metformin to other methods of
ovulation induction, clomiphene citrate, and laparoscopic ovarian diathermy (LAD),
further support the probability of hyperinsulinemia as a contributing cause for the early
pregnancy loss in women with PCOS (16,54). Sixty women with PCOS were treated with
metformin vs LAD in a 6-month, randomized, double-blind, controlled trial (54). Although
the ovulation rate was similar in both groups, the pregnancy rate was significantly
higher (18.6 vs 13.4%), and the miscarriage rate was significantly lower in the metformin
treated group than in the LAD group (15.4 vs 29%). Hence, the live birth rate was signi-
ficantly higher (82.1 vs 64.5%; p < 0.05) for those treated with metformin compared
with those treated with LAD.
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Table 1
Rates of Early Pregnancy Loss Among Women With Polycystic
Ovary Syndrome Who Either Received (Metformin Group)
or Did Not Receive (Control Group) Metformin During Pregnancy

Early pregnancy loss rate

Cohort Metformin group (n=65)  Control group (n=31)  p-value
All women 8.8% (6/68) 41.9% (13/31) <0.001
EPL + women 11.1% (4/36) 58.3% (7/12) 0.002
EPL — women 6.3% (2/32) 31.6% (6/19) 0.04

9EPL~, women with no prior history of miscarriage (either nulliparous women or women
with pregnancies completed to term).

bAmong the 65 women in the metformin group, there were a total of 68 pregnancies.
Of these, 36 pregnancies occurred in the context of a history of prior miscarriage, and
32 pregnancies occurred in the context of no previous miscarriage.

(From ref. 53.)

Similarly, in another study where metformin was compared with clomiphene citrate in
100 nonobese women with PCOS for 6 months, the ovulation rates during the treatment
period did not differ (16). However, the subjects treated with clomiphene had an early
pregnancy loss rate of 37.5% compared with 9.7% in women on metformin (p = 0.045).
In both studies outlined previously (16,54), once pregnancy was confirmed in the
women treated with metformin, the drug was discontinued. Thus, this suggests that
metformin’s salutary impact on reducing early pregnancy loss appears to occur primarily
around the peri-implantation time, most likely because of an improvement of the
endometrial milieu.

CONCLUSION

During the past decade, accumulating evidence for the treatment of infertility asso-
ciated with PCOS favors the use of insulin-sensitizing agents. Metformin increases the
ovulatory rate when administered alone and when combined with clomiphene citrate,
improves the pregnancy rate, and appears to reduce early pregnancy loss. Although
thiazolinediones show promise in improving ovulation and fertility, they are currently
category C pregnancy drugs and caution is advised in patients desiring pregnancy. In
conclusion, using metformin to treat the infertility of women with PCOS is a reasonable
first step.

FUTURE AVENUES

Although the current studies have established improvements in ovulation with insulin
sensitizers in women with PCOS, additional research is needed in the form of large
randomized, controlled trials to answer several questions. First, how does the use of
insulin sensitizers with or without clomiphene citrate affect live birth rates? Evidence is
suggestive of metformin improving the endometrial milieu at peri-implantation. Is the
benefit of metformin only in the first few weeks or does it extend throughout the pregnancy,
when insulin resistance is increased in the third trimester? Further data on the safety
and efficacy of both metformin and thiazolinediones need defining if they are used not
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only for ovulation but for prevention of miscarriage. In addition, the early pregnancy
loss in women with PCOS should be understood at both a basic science as well as clinical
level, as this will guide future therapies.

KEY POINTS

PCOS is associated with insulin resistance.

Insulin resistance may contribute to anovulation in PCOS.

Ovulation is improved with the use of insulin-sensitizing agents with or without
clomiphene citrate.

PCOS is associated with early pregnancy loss.

Metformin treatment may increase the pregnancy rate and decrease the miscarriage rate
in women with PCOS.
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Summary

Conditions of overweight and obesity contribute to reproductive dysfunction. Appropriate dietary
strategies and exercise can reverse these disorders. This chapter covers the causes and consequences
of lifestyle disorders in polycystic ovary syndrome and relevant interventions.

Key Words: Diet; lifestyle; polycystic ovary syndrome; weight loss.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is thought to arise from a combination of
familial and environmental factors that interact to cause the characteristic menstrual
and metabolic disturbances. It is our contention that alteration of the environmental
components of this condition is fundamental to the management of the condition,
and that pharmaceutical treatment (including clomiphene citrate, gonadotrophins,
and insulin-sensitizing agents) should only be used after adequate counseling and
action relating to lifestyle alterations. Attention to weight loss, altered diet, and exercise
are important aspects to discuss with the patient, as well as stopping smoking and
improving psychological attitudes. Because of the importance of overweight in the
majority of women with this condition, much of this chapter will concentrate on
obesity in PCOS.
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MATERIALS AND METHODS

Obesity and Disease

Obesity is a costly and increasingly prevalent condition in Western society. In the
United States, 50% of the population are overweight, with women (34%), blacks (49%),
and Hispanics (47%) showing the highest rates of obesity. In Australia, 40% of the
population are overweight or obese according to recent Australian Bureau of Statistics
data. The prevalence of overweight/obesity increases in Australian women as they age,
with 34% of all women between 20 and 69 years of age having a body mass index
(BMI) higher than 25 kg/m? and 12% with a BMI higher than 30 kg/m?. In the
Repromed Centre at the University of Adelaide, 40% of women have a BMI higher
than 25 kg/m? and 20% a BMI greater than 30 kg/m? based on more than 5000 patients
presenting between 1991 and 1997.

Obesity is associated in women with an increased risk of diabetes mellitus,
osteoarthritis, cardiovascular disease, sleep apnea, breast and uterine cancer, and repro-
ductive disorders. Although women have increased body fat as an essential requirement
for reproductive efficiency in pregnancy (1,2), fat in excess of the normal can lead to
menstrual abnormality, infertility, miscarriage, and difficulties in performing assisted
reproduction (Table 1). Observational and theoretical considerations indicate that body
weight has an inverted “U” effect on reproduction, whereby low and high body mass
contributes to infertility, menstrual disorders, and poor reproductive outcome (3).

The most commonly used index of obesity is the BMI (weight in kg/height in m?),
which correlates reasonably well with body fat, although at height extremes there is
less association. Total body fat has been assessed by physical methods (such as skin-
fold thickness, underwater weighing, DEXA densitometry, magnetic resonance imaging,
and infrared spectroscopy) (4). The distribution of fat is also thought to be important
and can be assessed by these methods, although the waist-to-hip ratio (WHR) or, simply,
the waist circumference is the easiest clinical method. The reproductive literature is
largely based on weight or BMI, with little data available on body composition or
distribution. However, the general medical literature does contain evidence that even
peripheral (non-central) obesity is highly significant in poor health outcomes, and the
absence of information on fat distribution relating to reproductive factors may not be
essential to an understanding of the importance of obesity.

Women have greater fat reserves than men but fat distribution is more likely to be
peripheral (gynecoid) than abdominal (android). Obese and overweight women are
overrepresented in gynecological and reproductive medicine clinics. BMI ranges are
usually defined as follows: underweight (<19 kg/m?), normal weight (19.1-24.9 kg/m?),
overweight (25-29.9 kg/m?), and obese (=30 kg/m?). Central or peripheral obesity is
usually divided at WHRs of 0.82-0.85.

Metabolic Activity of Fat Tissue

Adipose tissue is an important site of active steroid production and metabolism (5).
It is able to convert androgens to estrogens (aromatase activity) and estradiol to estrone
and dehydroepiandrosterone to androstenediol (17B-HSD activity). Aromatase is found
in bone, the hypothalamus, liver, muscle, kidney, and adipose tissue in the breast, abdomen,
omentum, and marrow. Within adipose tissue, aromatase activity has been identified in
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Table 1
Impact of Obesity on Reproduction
Condition Associated risks
Menstration T risk of menstrual dysfunction: amenorrhea, oligomenorrhea
and menorrhagia
Infertility T risk of ovulatory and anovulatory infertility: anovulation, poor
response to fertility drugs
Miscarriage T risk of miscarriage, spontaneously and after infertility treatment
Glucose T risk of impaired glucose tolerance and type 2 diabetes mellitus
intolerance
Infertility T requirement for clomiphene citrate/gonadotrophin ovulation
treatment induction. | success rate for IVF/ICSI/GIFT pregnancies
Pregnancy T prevalence of pregnancy-induced hypertension, gestational

diabetes, Cesarean section, and Down’s syndrome

GIFT, gamete intrafallopian transfer; ICSI, intracytoplasmic sperm injection; IVF, in vitro
fertilization.

the cells of peri-adipocyte fibrovascular stroma and may be different between various
depots of adipose tissue. Although in “simple” obesity, blood levels of androgens do
not appear to differ from nonobese controls, production and clearance rates are signifi-
cantly different (5). Abdominal fat distribution also significantly influences androgen and
estrogen metabolism. In hyperandrogenic obesity, such as PCOS, increased production
rates of androgens are associated with menstrual irregularities. The amount of andro-
stenedione converted to estrone varies depending on the total body weight with women in
the following groups showing conversion rates in brackets: 49-63 kg, (1.0%) 63.1-91 kg,
(1.5%), >91 kg, (2.3%). Other mechanisms that influence the adipose tissue as an
endocrine organ are the metabolism of estrogens to 2 hydroxy estrogen (relatively inac-
tive) or to 16 hydroxylated estrogen (active in obesity), the storage of steroid hormones
in fat, the effects of adiposity on insulin secretion from the pancreas and hence the levels
of sex hormone-binding globulin (SHBG).

Leptin, the product of the ob gene, is a protein produced in fat cells that signals
the magnitude of the energy stores to the brain and has significant effects on the repro-
ductive system of rodents. Absence of the full-length ob gene, or its receptor, leads to
obesity and reproductive dysfunction. Replacement of leptin in 0b/ob mice restores
fertility. Administration of recombinant leptin to rodents induces puberty earlier than in
control animals indicating important effects, directly or indirectly, on ovarian function.
Zachow and Magoffin (6) have shown that leptin directly affects insulin-like growth
factor-induced estradiol production in the rodent ovary in the presence of follicle-
stimulating hormone.

Initial reports suggested that leptin was increased in a significant proportion of
women with anovulation, specifically with PCOS. Subsequently, this has not been
confirmed (7), and leptin does not alter in women who are put on insulin-sensitizing
agents, such as troglitazone (8) or gonadotrophin-reducing drugs, such as the oral con-
traceptive pill (9). Therefore, the true role of leptin in influencing ovarian function
remains unclear. This hormone may have an affect on ovarian function directly via
actions on the ovary or, alternatively, through the hypothalmic—pituitary—ovarian axis.
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Whereas the exact role of leptin remains unclear in PCOS, current techniques for
intervention by weight loss or drugs have little impact on concentrations of leptin other
than by reduction of body fat. Other hormones, such as adiponectin and resistin, are
produced by cells associated with fat tissue and may play a role in metabolism in PCOS.
The authors and others have also shown that appetite regulation may be disturbed in
PCOS, and that this may be regulated through a gut hormone named ghrelin (10).

Obesity, PCOS, and Menstruation

The original description of what is now known as PCOS associated obesity and
anovulation with infertility. Classical studies by Mitchell and Rogers (17) and Hartz et
al. (12) confirmed these findings in much larger groups of women. The former group
reported that obesity was present at a four-times higher rate in women with menstrual
disturbances than in women with normal cycles. Forty-five percent of amenorrheic
women were obese, whereas only 9-13% of women with normal periods were over-
weight. Hartz et al. (12) studied 26,638 women by questionnaire and noted that anovulation
was strongly associated with obesity. Grossly obese women had a rate of menstrual
disorders 3.1 times more frequent than women in the normal weight range. In their
study, teenage obesity was positively correlated with menstrual irregularity later in life,
and obesity was correlated with abnormal and long cycles, heavy flow, and hirsutism.
This study was however selective in that volunteers were recruited from a weight-
control organization, data was self-reported, and only one-third of all subjects were
suitable for analysis. Lake et al. (/3) studied nearly 5800 women who were born in
1958 and seen at ages 7, 11, 16, 23, and 33 years. Obesity in childhood and the early
20s increased the risk of menstrual problems (OR 1.75 and 1.59, respectively). Women
who were overweight at 23 years (BMI 23.9-28.6 kg/m?) were 1.32 times more likely
and if obese (>28.6 kg/m?) 1.75 times more likely to have menstrual disorders.
Interestingly, in view of the association between overweight and early menarche, girls
with menarche at 9, 10, or 11 were more likely to have menstrual problems at 16.5
years (OR 1.45 for mild and 1.94 for severe menstrual abnormality), but this was not
reflected at age 33 years. Balen et al. (/4) in London have also shown a close relation-
ship between weight and menstrual disorders. Of 1741 subjects with PCOS, 70% had
menstrual disturbances and only 22% had normal menstrual function if their BMI was
higher than 30 kg/m?. Similar results were reported by Kiddy et al. (15): obese subjects
with PCOS had an 88% chance of menstrual disturbance compared with 72% in
nonobese subjects with PCOS.

It is likely that obesity and overweight do contribute to a significant proportion of
menstrual dysfunction. There is little in the literature to separate predisposing or
associated features, such as PCOS from so-called “simple” obesity, although there
are suggestions that women with polycystic ovaries suffer more from weight-related
menstrual dysfunction than those with normal ovaries (12).

Obesity, PCOS, and Infertility

Many multiparous women are obese and, indeed, most obese women are able to
get pregnant readily. Initial study of the literature suggests that several excellent
investigators have not been able to confirm the adverse effect of weight on reproductive
performance. The Oxford Family Planning Study (/6) did not show any relationship
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between conception rates and weight or BMI in women stopping contraception, but
those women were a selected group of largely parous subjects. Similar criticism applies
to a well-conducted prospective study on fecundity in volunteer women who were
followed for 6 months to examine the effect of environmental agents on reproduction.

Hartz et al. (12) found in a very large study that obesity in the teenage years was
more common among married women who never became pregnant than for married
women who did become pregnant. In the Nurses’ Health Study, which examined
2527 married, infertile nurses, the risk of ovulatory infertility increased from a RR
of 1.3, (1.2-1.6) in the group with a BMI as low as 24 kg/m? to a rate of 2.7 (2.0-3.7)
in women with a BMI higher than 32 kg/m? (17). In the same year, Grodstein et al.
(18) showed that anovulatory infertility in 1880 infertile women and 4023 controls
was higher in those with a BMI of more than 26.9 kg/m? (RR 3.1, 2.2-4.4) with a
smaller non-significant risk of 1.2 (0.8-1.9) in those with a BMI of 25-26.9 kg/m?.
This indicates that even high normal to slightly overweight levels may have an effect
on fertility.

Lake et al. (/3) studied a cohort of women born in 1958 and followed up at 7, 11,
16, 23, and 33 years. They showed that weight during childhood did not predict sub-
sequent fecundity, but weight at 23 years did predict fecundity if the woman was
obese (OR 0.69, 0.56-0.87). Results relating BMI at 33 years of age were weaker
but consistent with those for 23 years of age. Obese women at 23 years of age were
less likely to become pregnant within 12 months than women of normal weight
(infertility rates = obese, 33.6% vs normal weight, 18.6%). Zaadstra et al. (719)
found that the upper quartile of BMI (33.1 kg/m?) in a group of apparently normal
women who were undergoing donor insemination had a reduced chance of pregnancy
(OR 0.43). This was a particularly significant study because few of the women
required medication to stimulate ovulation. Balen et al. (/4) in the United Kingdom
also found that obese women had higher infertility rates. In 204 North American
women studied by Green et al. (20) there was a reduced fertility rate among women
with more than 20% of ideal body weight (OR 2.1), but this did not apply to women
who had previously been pregnant.

The literature is therefore quite clear in associating increased body mass with a
higher incidence of infertility. Most of the studies do not clearly classify women as
having PCOS or normal ovaries, but a large percentage of the obese female population
are likely to have this condition.

Obesity, PCOS, and Miscarriage

Weight excess is associated with an increased risk of miscarriage. In a study of
more than 13,000 women seeking their first spontaneous pregnancy (21), 11% of
women with a BMI of 19-24.9 kg/m?, 14% with a BMI of 25-27.9 kg/m?, and 15%
of those with a BMI higher than 28 kg/m2 miscarried (OR 1, 1.26, and 1.37, respec-
tively). Women weighing more than 82 kg are more likely to miscarry than thinner
women after ovulation induction (22) (OR 2.7 for 82-95 kg and 3.4 for >95 kg),
whereas even a mild increase in BMI (25-28 kg/m?) leads to a significant risk of
pregnancy loss (OR 1.37, 1.18-1.60) in some series (2/,23) but not in others (24). It
has been generally claimed that women with PCOS are more likely to miscarry than
those without PCOS. This has been attributed, at least in part, to higher luteinzing
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hormone (LH) concentrations in PCOS that may lead to impaired oocyte and
embryo quality.

Obesity, PCOS, and Pregnancy

Since the 1940s, there have been many articles on the effect of obesity on pregnancy
and obstetric outcome. Some of the American studies detail results on massively obese
women, indicating much higher health risks and increased costs to the health system.
Studies from Europe (25) confirm that high pre-pregnancy weight is associated with an
increased risk in pregnancy of hypertension, toxemia, gestational diabetes, urinary
infection, macrosomia, Cesarean section, increased hospitalization, and cost. Despite
this, overall neonatal outcome appears to be satisfactory.

Obesity, PCOS, and Glucose Intolerance

There is abundant evidence associating increasing BMI with diabetes mellitus.
Subjects with PCOS have a substantial added risk of glucose intolerance. In a study
from Adelaide, 18% of all women with BMI higher than 30 kg/m? in their 20s and 30s
had impairment of glucose metabolism, whereas 15% of women with PCOS who had
normal glucose tolerance when initially studied showed conversion to impaired glucose
tolerance or frank diabetes when restudied 5-7 years later (26). Conway et al. (27)
showed that 8% of lean and 11% of obese women with PCOS had abnormal glucose
tolerance. In a recent prospective study, we have shown that women with PCOS convert
from initially normal glucose tolerance to impaired glucose tolerance or diabetes mellitus
at a rate of approx 3% per year. Almost all of this change can be associated with increas-
ing obesity, and prevention of weight gain would be expected to be beneficial in the
minimization of abnormal glucose tolerance.

There is controversial evidence that women with PCOS are more likely to exhibit
gestational diabetes when pregnant, and that many women with glucose intolerance in
pregnancy have features of PCOS. This makes it even more important that potential
complications from PCOS should be sorted out before embarking on treatment to
induce pregnancy.

Obesity, PCOS, and Response to Infertility Treatment

Most studies show conclusive evidence that increasing BMI is associated with an
increased requirement for clomiphene citrate. In several of these, large doses of
clomiphene (up to 200 mg per day) were required to ensure ovulation in the heaviest
women. If this drug is considered to have some association with ovarian cancer, it is
probably undesirable for so much to be used per cycle of treatment. There does not,
however, appear to be an association of body weight with poor conception rates in
cycles of oral anti-estrogens. In a study of 2841 cycles of clomiphene citrate, there was
no association between body weight and pregnancy rate (28), as previously suggested
by Friedman and Kim (29). Doses of gonadotrophins required to induce ovulation are
also higher in anovulatory women and those requiring ovarian stimulation for any
reason (24).

Recently, we have shown that the procedure of intrauterine insemination with
gonadotrophins in women with normal menstrual cycles and unexplained infertility
gives similar pregnancy rates up to BMI of 30 kg/m? (30). Although women with a
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BMI higher than 35 kg/m? have a lower pregnancy result, paradoxically this treatment
was statistically more successful in women with BMIs between 30 an 34.9 kg/m?,
suggesting a subtle endocrine abnormality in this group of women.

The data relating to in vitro fertilization (IVF) and other assisted reproduction is less
certain. Although Clark et al. (37) found a poor success rate in IVF pregnancies for the
very obese, other studies have not shown any difference for women with moderate to
severe obesity (32). However, more recent studies from our group (33) and others confirm
the negative association between IVF outcome and weight status.

Fat Distribution, PCOS, and Reproduction

Obesity can be central or peripheral in distribution, and there is a lot of data suggest-
ing different hormonal and metabolic responses depending on the distribution of fat.
Women with central fat have high levels of LH, androstenedione, estrone, insulin,
triglycerides, very low-density lipoproteins and apolipoprotein B, and lower levels of
high-density lipoprotein (23,34). Gynecological effects of central adiposity are also
significant. Zaadstra et al. (/9) showed that a high WHR (central adiposity) was asso-
ciated with a markedly lower conception rate in a donor insemination program. The
Iowa Women’s Health Study also indicated that high WHR was associated with more
menstrual abnormalities and higher prevalence of infertility (35). Norman et al. (34,36)
showed that high WHR was associated with greater disturbance in reproductive hormones,
particularly insulin, in PCOS as subsequently confirmed by others (37). Reproductive
response to diet and infertility treatment is likely to be closely related to central fat, as
indicated by the data by Clark et al. (37,38).

Effect of Weight Loss on Menstruation and Infertility

There were several reports in the 1950s that indicated that weight loss induces men-
strual regulation in a proportion of women with obesity and anovulation. Later Bates
and Whitworth (39) were the first to show a reduction in plasma androgens with dieting
and associated return of menstrual cycles. These endocrine and clinical observations
have been confirmed by several studies including those by Pasquali et al. (4,40). Kiddy
et al. (41,42) and Pettigrew (23) revisited dietary manipulation of subjects with obesity
and PCOS, showing that strict calorie restriction with a subsequent 5% or greater
weight loss led to changes in insulin, IGF, SHBG, and menstruation. Menstrual regu-
larity and hirsutism improved, with some spontaneous pregnancies resulting. Since
then, there have been several studies confirming that weight loss improves clinical and
biochemical parameters that are disordered because of weight problems (31,38,40,37).
All the previously described studies, although showing the principle that dietary
control leads to favorable reproductive outcomes, fail to address the issue of long-term
compliance in a clinical situation. The exceptions are the work published by us in
Adelaide who have shown how menstrual regularity and pregnancy can be restored by
exercise and dietary advice without an emphasis on low calories (3/,38) and that from
Italy (43). More than 90% of obese, oligomenorrhoeic women showed a dramatic
improvement in menstrual patterns, with a higher spontaneous conception rate and a
lower miscarriage rate than before treatment. Even women with causes of infertility not
related to anovulation (such as tubal blockage or a male partner with oligospermia)
showed dramatic improvements in assisted reproduction pregnancies. Weight loss into
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the normal range is not required for a good clinical response, indicating that weight
loss per se was not the main reason for success. Mitchell and Rogers in 1953 (17) had
previously made the observation that “the onset of menses frequently precedes any
marked loss of weight and occurs so soon after the start of the therapeutic regimen that
the absolute degree of obesity cannot be the only factor involved.” The Italian group
has shown that weight loss-inducing diets with or without metformin can induce sub-
stantial clinical and metabolic changes (43).

Several studies have reported that surgically induced weight loss (gastrojejunal ana-
stomosis and gastric stapling) are successful in restoring menstruation and pregnancy,
but these operations may have significant morbidity and very poor neonatal outcome.
However, in one of these studies, the miscarriage rate was substantially reduced after
the operation when compared with that before the operation (44).

Weight Loss and Exercise Programs in Lifestyle Modification

We have previously described how dietary and exercise programs, specifically a
6-month group program with weekly meetings, achieved sustained weight loss and
alteration of reproduction function (Tables 3 and 4). Having become frustrated by the
lack of results when individual dietary advice was given by a dietician or medical prac-
titioner, Clark pioneered the unique concept (at least in gynecology) of lifestyle
modification within groups of overweight women seeking to achieve a pregnancy.
Women were encouraged to agree to join a group for 6 months, during which they
understood they would not be given any fertility treatment. At the first meeting, they
were encouraged to bring their partners, who were given the information about the
group approach, and subsequent meetings were held every week for about 2 hours. At
these meetings, exercise and dietary advice were combined with other activities, such
as fashion information for the overweight, supermarket trips, and medical informa-
tion on the pathophysiology of PCOS. The exercise component lasted approx 1 hour
with gentle exercises, such as stepping and walking, and was conducted by a keep-fit
instructor who appreciated the problem of the overweight person. This was followed by
a group session in which a lecture, seminar, or discussion concentrated on subjects of
interest to the women. Initially, a dietician gave advice on healthy eating patterns
without seeking to prescribe a low-calorie diet. No attempt was made to induce massive
caloric reduction and slow weight loss was the preferred option. Initially, many of the
women expected diet sheets and advice similar to those obtained from commercial
weight-loss companies, but in time they realized that sustained weight loss can only be
achieved by a life-long alteration in eating patterns and not by crash diets.

Weight and fat redistribution is the first obvious sign before weight loss in this
program. Menstrual regularity can be induced without any weight loss, provided the
dietary retraining and exercise is taken seriously. Even 2-5% weight change can be
effective in restoring ovulation. In our first paper (31) we studied anovulatory women
with PCOS, 12 of 13 ovulated by the end of 6 months and the majority became pregnant
within 1 year, most spontaneously. In a subsequent report (38), we extended this success
rate to all women with obesity who had a range of infertility conditions and showed the
efficacy of this approach. In most of the women, weight loss has been sustained and it
is likely that long-term health benefits will result. Our philosophy is that alteration
of lifestyle, particularly weight, will lead to short-, medium-, and long-term benefits.
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Table 2

Compensatory Changes in the Macronutrient Composition of Various Diets

Fat Carbohydrate ~ Protein Alcohol

Diet description (% kj) (% kj) (% kj) (% kj)
Average 34 49 14 3
Low-fat, high-carbohydrate, low-protein 30 55 15 -
Very low-fat, very high-carbohydrate 15 70 15 -
Moderate-protein, moderate-carbohydrate 30 40 30 -
Moderate-protein, very low-carbohydrate 55 15 30 -

Menstruation can be restored, fertility promoted naturally or by assisted reproduction
with better results, the risks of diabetes mellitus, cardiovascular disease and hyper-
lipidemia ameliorated, and the musculoskeletal and metabolic side-effects reduced.
Retraining of diet and exercise patterns can have life-long benefits and alter health
outcomes significantly.

What Diet for PCOS?

A low-fat, moderate protein, and high-carbohydrate intake diet (30:15:55%) with a
restricted caloric input is the standard recommended diet in most countries.
Concomitant exercise is essential for weight maintenance and contributes to reducing
stress and improves the sense of well-being. Weight loss is maintained more effectively
and compliance is increased when an ad libitum low-fat high-carbohydrate dietary
pattern is followed over longer periods of time compared with fixed-energy diets (45).
There has also been increased community interest in a dietary protocol advocating a
moderate increase in protein (to approx 30% of total energy intake) and concomitant
reduction in dietary carbohydrates (46) (Table 2). Furthermore, altering the type of
carbohydrate to produce a lower glycemic response (low glycemic index [GI]) is also
proposed to improve satiety and metabolic parameters (47) (Fig. 1).

High-protein diets range from the medically acceptable 30% protein, 40% carbo-
hydrate, 30% fat, to the Atkins-type diet, which is much higher in protein (50%) and is
high in fat. High-protein diets are more likely to reduce ad libitum intake, increase
subjective satiety, and decrease hunger compared with high-carbohydrate diets (46,48).
Weight loss may be more substantial with these approaches in the short-term but is no
better in other diets in the longer-term. The evidence for improved insulin sensitivity
with high-protein diets is debateable and metabolic improvements are not better in
PCOS when caloric intake is matched for low-protein diets (49). Indeed, there is some
concern that metabolic changes and cardiovascular risk may increase with high-protein
diets, particularly with large amounts of red meat. Overall it appears as if dietary com-
position is not a key component of diets for PCOS, provided caloric intake is reduced
substantially. Ultimately, weight loss will result from a decrease in energy intake or
increase in energy expenditure, and this should be the key approach.

The potentially detrimental effects of a high-carbohydrate diet might also be minimized
through modifying the source of the dietary carbohydrate, achieved practically
through changing the GI of the carbohydrate. The Gl is a classification index of carbo-
hydrate foods based on postprandial glucose response and is defined as the incremental
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Low-glycaemic-index diet
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Fig. 1. Pathways by which a low glycemic index might be of benefit.

area-under-the-blood glucose curve produced by a standard amount of carbohydrates
in a food relative to the incremental area produced by the same amount of carbohydrate
from a standard source (50). Claims have been made that low-GI foods reduce postprandial
insulin demand and thereby reduce hyperinsulinemia (57). There are no studies in the
role of GI and diets for women with PCOS.

Dietary Intervention and Insulin-Sensitizing Agents

Metformin alone or with clomiphene citrate is effective in increasing ovulation rates
and pregnancy. Some studies have also suggested that metformin helps with weight
loss (8). In a randomized, controlled trial of diet with or without metformin, insulin-
sensitizing drugs were better than placebo in women with PCOS with respect to loss of
weight, reduction in visceral fat, waist circumference, and testosterone. There was no
differential effect on glucose or insulin levels. Other studies have not confirmed these
observations when comparing metformin and placebo use (52). Other glitazones are of
no value in weight loss, although they are effective in restoring ovulation.

Reasons for Weight-Related Menstrual Problems

Infertile, anovulatory obese women have higher plasma androgens, insulin, and LH
concentrations and lower SHBG levels when compared with normal weight women or
obese subjects with regular periods. It is possible that the increased estrogen production
from peripheral tissues leads to a disorder of the hypothalamic—pituitary—ovarian axis.
Insulin resistance is common in anovulatory women and together with reduced hepatic
clearance of insulin and increased sensitivity of the B-cells to secretory stimuli is
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Table 3
The Fertility Fitness Program

* Information about role of weight and body composition in reproductive disorders

¢ Agreement to seek lifestyle changes for at least 6 months

* Group meeting with partners to explain the course

* Weekly meetings for 2-2.5 hours with women

* Gentle aerobic exercises for 1 hour (walking, stepping, and so on)

¢ Lecture/seminar for 1 hour (good eating— nutrition/alcohol/smoking/caffeine,
psychological aspects, medical information, and so on)

¢ Put into practice for next 6 months

o If return of periods, pregnancy, and others, no further medical treatment

* If disorder persists after 6 months, offer appropriate medical treatment

Table adapted from ref. 64.

thought to be the major cause of hyperinsulinemia. Insulin in turn can induce androgen
secretion from an ovary that is polycystic or genetically prone to excess androgen
production. Current hypotheses suggest that hyperinsulinemia is a result of genetic
or environmentally induced insulin resistance from peripheral tissues and this leads to
increased androgen production from ovaries that are not resistant to the action of
insulin. Reduction of hyperinsulinemia should lead to reduction of hyperandrogenemia
and restoration of reproduction function. This hypothesis is clearly supported by the
experimental observations by a number of investigators.

We have followed women participating in a weight loss program and have shown
that return of ovulation coincides with a reduction in insulin resistance and a fall in
central adiposity. In a group of anovulatory subjects who returned to ovulation with
exercise and dietary restraint, waist circumference, central fat, LH, and insulin fell
more than in those who remained anovulatory throughout. In a less-extensive previous
study, we had shown that fasting insulin was significantly reduced by weight loss in
anovulatory women who became ovulatory (31). Although there is convincing evidence
that insulin sensitivity can be restored in overweight women with PCOS who lose
weight (53,55), first-phase insulin release remains significantly abnormal indicating an
underlying problem in pancreatic secretion in these subjects. Other investigators have
disputed this observation. The return to ovulation associated with a reduction in insulin
reinforces studies with insulin-sensitizing agents, such as troglitazone, where improved
insulin sensitivity without weight loss promotes ovulation and fertility (56,57).

LH pulse frequency and amplitude does not appear to alter during weight loss in
obese subjects (58), although absolute values of LH do decrease significantly in respon-
ders to diet as judged by ovulation.

Other factors involved may include androgens, hypothalmic endorphins, and leptin,
all of which are increased in anovulatory, overweight women. Although leptin is increased
in obese subjects with PCOS, there is no increase over obesity not associated with
PCOS, and the return of ovulation is not associated with a reduction in leptin concen-
trations prior to return of periods.

Depression is frequent in women with PCOS and infertility as shown by assessments
performed in women from Adelaide. Participation in the program was associated with
an improvement in well-being and psychological parameters that may indicate restoration
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Table 4
Lifestyle Modification Suggested for Treatment of Polycystic
Ovary Syndrome in Overweight Women

* Moderate exercise (=30 min/day)

* Dietary modification (fat <30% daily intake, | saturated and trans fat and
glycemic load, T fiber and polyunsaturated fat)

» For weight loss, establishing an energy deficit of 500-1000 kcal/day

Reduction of psychosocial stressors

Cessation of smoking

Moderate alcohol consumption

Moderate caffeine consumption

Group interaction/intervention to provide support and assist

implementing changes

Table adapted from ref. 65.

of reproductive potential is closely tied in with psychological changes (59,60). These
may have an effect through the endorphin system and other neurotransmitters in the
hypothalamic—pituitary axis.

Smoking

Many women with PCOS choose to smoke in response to stress or the desire to
prevent further weight gain. Our experience shows that 40% of women in our unit who
have PCOS are also smokers. There is convincing data that, apart from the well-known
health hazards of smoking with respect to the cardiovascular and respiratory system,
there are effects on reduction of fertility potential.

Studies show that the time to conception is increased by 30% for smokers and there
is a two- to threefold increased risk of failing to conceive after 1 year of attempting
pregnancy. Augood et al. (67) have recently published a systematic review and meta-
analysis of the effects of smoking on fertility and concluded that the risk of infertility
in smokers vs non-smokers was 1.60 (95% confidence interval 1.34-1.91). Women
who subsequently went through a cycle of assisted reproduction were found to have
an OR of 0.66 (0.49-0.88) for pregnancies per number of attempts in smokers vs
non-smokers. This does not appear to be attributable to smoking in the male partner,
where the time to conception was not increased in male smokers when their partner’s
smoking status is taken into consideration.

Maternal smoking does not appear to affect the risk of spontaneous abortion but may
alter the rate of abnormal placentation, abruptio placentae, and perinatal death after
ante-partum bleeding (62). Growth of the fetus is definitely altered by smoking, with
birth weight reduced by an average of 200 g. There is a dose-response effect where
birth weight decreases as the number of cigarettes smoked increases. Perinatal mortality
rates are increased by about 30% because of excesses in low birth weight, prematurity,
and abnormal placentation.

All women with PCOS who are trying to become pregnant should be strongly
advised to reduce or eliminate their smoking habit prior to therapeutic attempts at
inducing ovulation with drugs. Although this may require considerable effort, including
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Table 5
NIH Clinical Guidelines for Long-Term Treatment of Overweight and Obesity

Sensible diet and changed eating habits for long term

Effective physical activity program sustainable long term
Behavior modification, reduction of stress, well-being
Combination of dietary and behavioral therapy and increased physical activity
* Social support by physician, family, spouse, and peers

Smoking cessation and reduction in alcohol consumption
Avoidance of “crash diets” and short-term weight loss

Minor roles for drugs involved in weight loss

Avoidance of aggressive surgical approaches for majority
Adaptation of weight-loss programs to meet individual needs
Long-term observation, monitoring, and encouraging of patients
who have successfully lost weight

the use of nicotine patches and hypnotherapy, the end results are well justified in terms
of improved pregnancy rates, perinatal mortality, and health outcomes.

Stress Reduction

Several studies have shown that women with PCOS are more likely to have a poor
quality-of-life assessment, have eating disorders, and poor self-image (63). Intervention
by counseling and reassurance lead to improvement in these parameters and should be
part of any program.

CONCLUSIONS

Although the attending doctor may be tempted or pressured to use fertility drugs for
subjects with PCOS, lifestyle changes are critically important in these women, not only
for successful management but also for long-term health. Overall recommendations are
shown in the Table 5.

FUTURE AVENUES OF INVESTIGATION

Determine the exact role of insulin-sensitizing agents in lifestyle modification.
Dissecting respective roles of diet and exercise in lifestyle modification.
Understanding the role of low-GI diets.

Developing lifestyle programs that work, both in the short and long term.

KEY POINTS

Obesity is increasing and has significant effects on reproduction.

Weight loss has been shown to lead to improvements of reproductive function.
Dietary management is critical and is based on low-calorie diets.

It does not seem to matter whether you use a high-protein or high-carbohydrate diet.
Insulin-sensitizing agents may assist lifestyle modification.
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